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PREFACE. 


By  E.  C.  Eckel. 


The  following  report  on  the  clays  of  Arkansas  was  prepared  by 
Prof.  John  C.  Branner,  while  State  geologist  of  Arkansas,  for  pub- 
lication by  the  State  Survey.  The  work  of  the  organization  was 
unexpectedly  discontinued,  leaving  no  provision  for  the  publication 
of  this  report.  Under  the  circumstances  Professor  Branner  offered 
the  manuscript  for  publication  as  a  bulletin  of  the  United  States  Geo- 
logical Survey.  As  some  years  have  elapsed  since  the  original 
preparation  of  the  manuscript,  it  has  been  necessary  to  bring  up  to 
date,  so  far  as  possible,  the  conunercial  and  statistical  data  included 
in  the  report.  Advantage  has  also  been  taken  of  recent  Survey 
work  in  Arkansas  to  introduce  later  observations  on  the  geology  of 
certain  districts.  Mr.  A.  F.  Crider  has  accordingly  revised  the  sec- 
tions on  the  geology  and  clay  industries  of  the  southeastern  coun- 
ties, while  Mr.  E.  F.  Burchard  has  revised  the  discussion  of  the 
Paleozoic  clays  and  of  certain  areas  in  northwestern  Arkansas,  with 
a  view  chiefly  to  bringing  the  nomenclature  into  accordance  with 
present  Survey  usage.  ^ 
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THE  CLAYS  OF  ARKANSAS. 


By  John  C.  Branner. 


CHAPTER  1. 

TOPOGRAPHY  AND  GEOI/)GY. 

oeneraIj  features. 

The  broader  topographic  aiid  geologic  features  of  Arkansas  are 
not  local  and  characteristic  but  are  rather  portions  of  several  physio- 
graphic divisions  which  find  completed  expression  in  areas  beyond 
the  borders  of  the  State.  Neariy  all  that  part  of  the  State  lying 
northwest  of  a  line  drawn  diagonally  across  it  from  northeast  to 
southwest  (from  Randolph  County  to  Little  River  County)  is  com- 
paratively elevated,  and  is  divided  by  the  Arkansas  River  valley 
into  the  Ozark  Plateau  (including  the  Boston  Mountains)  on  the 
north  and  the  Ouachita  Mountain  region  on  the  south.  This  north- 
western portion  is  underlain  by  limestones,  sandstones,  and  shales, 
which  are  approximately  horizontal  in  the  Ozark  region,  broadly 
folded  in  the  Arkansas  Valley,  and  highly  folded  and  distorted  in  the 
Ouachita  Mountains. 

The  Ozark  Plateau  region  north  of  the  Boston  Mountains  is  deeply 
dissected  by  stream  erosion.  Its  topography  is  therefore  rugged, 
but  the  local  elevations  rise  to  the  same  general  level.  In  the  Bos- 
ton Mountain  region,  which  overlooks  the  plateau  from  an  irregular 
northward-facing  escarpment  500  to  700  feet  above  it,  the  topog- 
raphy is  largely  of  the  terrace  and  escarpment  type,  being  developed 
on  sandstones  and  shales.  Stream  dissection  has  made  this  area 
also  very  rough  and  broken. 

The  Arkansas  Valley  represents  a  worn-down  plain.  Low  residual 
hills  and  ridges  rise  above  it,  and  its  streams  flow  in  valleys  cut  below 
the  general  level. 

Studies  of  the  Ouachita  Mountains  by  J.  A.  Taff^  show  that  the 
uplift  of  this  range  involves  a  thickness  of  nearly  5  mites  of  rock. 

aTaff,  J.  A.,  Structural  features  of  the  Ouachita  Mountain  Range  in  Indian  Territory:  Science,  new 
■«.,  TOL  11,  No.  266,  Feb.  2, 1900,  pp.  187-188. 
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PREFACE. 


By  E.  C.  Eckel. 


The  following  report  on  the  clays  of  Arkansas  was  prepared  by 
Prof.  John  C.  Branner,  while  State  geologist  of  Arkansas,  for  pub- 
lication by  the  State  Survey.  The  work  of  the  organization  was 
unexpectedly  discontinued,  leaving  no  provision  for  the  publication 
of  this  report.  Under  the  circumstances  Professor  Branner  oflFered 
the  manuscript  for  publication  as  a  bulletin  of  the  United  States  Geo- 
logical Survey.  As  some  years  have  elapsed  since  the  original 
preparation  of  the  manuscript,  it  has  been  necessary  to  bring  up  to 
date,  so  far  as  possible,  the  commercial  and  statistical  data  included 
in  the  report.  Advantage  has  also  been  taken  of  recent  Survey 
work  in  Arkansas  to  introduce  later  observations  on  the  geology  of 
certain  districts.  Mr.  A.  F.  Crider  has  accordingly  revised  the  sec- 
tions on  the  geology  and  clay  industries  of  the  southeastern  coun- 
ties, while  Mr.  E.  F.  Burchard  has  revised  the  discussion  of  the 
Paleozoic  clays  and  of  certain  areas  in  northwestern  Arkansas,  with 
a  view  chiefly  to  bringing  the  nomenclature  into  accordance  with 
present  Survey  usage.  * 

9 


THE   CLAYS  OF  ARKANSAS. 


By  John  C  Branner. 


CHAPTER  1. 

TOPOGRAPHY  AND  GEOLOGY. 

GENERAL  FEATURES. 

The  broader  topographic  and  geologic  features  of  Arkansas  are 
not  local  and  characteristic  but  are  rather  portions  of  several  physio- 
graphic divisions  which  find  completed  expression  in  areas  beyond 
the  borders  of  the  State.  Nearly  all  that  part  of  the  State  lying 
northwest  of  a  line  drawn  diagonally  across  it  from  northeast  to 
southwest  (from  Randolph  County  to  Little  River  County)  is  com- 
paratively elevated,  and  is  divided  by  the  Arkansas  River  valley 
into  the  Ozark  Plateau  (including  the  Boston  Mountains)  on  the 
north  and  the  Ouachita  Mountain  region  on  the  south.  This  north- 
western portion  is  underlain  by  limestones,  sandstones,  and  shales, 
which  are  approximately  horizontal  in  the  Ozark  region,  broadly 
folded  in  the  Arkansas  Valley,  and  highly  folded  and  distorted  in  the 
Ouachita  Mountains. 

The  Ozark  Plateau  region  north  of  the  Boston  Mountains  is  deeply 
dissected  by  stream  erosion.  Its  topography  is  therefore  rugged, 
but  the  local  elevations  rise  to  the  same  general  level.  In  the  Bos- 
ton Mountain  region,  which  overlooks  the  plateau  from  an  irregular 
northward-facing  escarpment  500  to  700  feet  above  it,  the  topog- 
raphy is  largely  of  the  terrace  and  escarpment  type,  being  developed 
on  sandstones  and  shales.  Stream  dissection  has  made  this  area 
also  very  rough  and  broken. 

The  Arkansas  Valley  represents  a  worn-down  plain.  Low  residual 
hills  and  ridges  rise  above  it,  and  its  streams  flow  in  valleys  cut  below 
the  general  level. 

Studies  of  the  Ouachita  Moimtains  by  J.  A.  Taff  ^  show  that  the 
uplift  of  this  range  involves  a  thickness  of  nearly  5  mites  of  rock. 

a  Tafl,  J.  A.,  Structural  features  of  the  Ouachita  Mountain  Range  in  Indian  Territory:  Science,  new 
80Z.,  vol.  11,  No.  266,  Feb.  2, 1900,  pp.  187-188. 
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The  structure  is  Appalachian,  and  the  massive  sandstone  and  novac- 
uHte  ridges,  primarily  arched  by  folding  and  compression,  have 
become  accentuated  by  the  more  rapid  weathering  of  the  upturned 
edges  of  interstratified  shales  until  great  contrasts  of  relief  have 
resulted.  The  anticlinal  ridges  of  the  Ouachitas  trend  nearly  east 
and  west,  are  roughly  parallel,  and  rise  500  to  1,000  feet  above  the 
intervening  valleys,  or  to  altitudes  of  1,600  to  2,100  feet. 

Bordering  the  plateau  region  on  the  southeast  and  extending  east- 
ward beyond  the  borders  of  the  State  across  the  Mississippi  Valley 
and  southward  to  the  Gulf  of  Mexico  is  a  lower  belt,  underlain  by 
younger,  softer  strata  of  marls,  chalks,  clays,  sands,  and  gravels. 
Low  altitude  and  slight  topographic  reUef  characterize  this  portion 
of  the  Gulf  Plains.  Crowleys  Ridge,  in  the  northeastern  part  of  the 
State,  is  a  remnant  of  a  once  extensive  plain  that  stood  at  a  level 
slightly  higher  than  the  present  ridge.  The  slope  of  the  whole  is 
gulfward,  and  the  plain  is  trenched  by  many  broad,  shallow  valleys 
bordered  by  terraces  with  steep  escarpments. 

The  older  rocks  are  of  Paleozoic  age,  ranging  from  early  Ordo- 
vician  sediments,  through  the  Silurian  and  Devonian,  to  those  of  the 
later  Pennsylvanian  epoch  of  the  Carboniferous  period.  The  newer 
deposits  represent  interrupted  sedimentation,  beginning  with  the 
early  Cretaceous  and  including  Tertiary  and  Quaternary  deposits. 

Besides  the  sedimentary  deposits  certain  small  areas  of  intrusive 
rocks  occur  at  Fourche  Moimtain,  south  of  Little  Rock,  and  at  Mag- 
net Cove,  near  Hot  Springs.  These  rocks  have  been  studied  and  de- 
scribed by  the  late  J.  Francis  Williams,^  and  the  areas  near  Lijbtle 
Rock  which  contain  bauxite  have  been  described  by  the  writer,**  but 
were  afterward  remapped  by  C.  W.  Hayes.^  These  rocks  consist 
mainly  of  elseolite  syenite,  popularly  termed  granite,  and  were  in- 
truded into  the  sedimentary  rocks  probably  late  in  Cretaceous  time. 

ORDOVICIAN   SYSTEM. 

The  Ordovician  beds  are  the  oldest  sedimentary  rocks  certainly 
recognized  in  Arkansas.  They  consist  of  a  thick  series  of  magnesian 
limestones,  sandstones,  siliceous  limestones,  and  cherts,  and  cover  all 
or  portions  of  the  following  counties  in  northern  Arkansas:  Ran- 
dolph, Lawrence  (western  half).  Independence  (northern  part), 
Shaip,  Fulton,  Izard,  Stone  (northeastern  part),  Baxter,  Marion, 
Boone,  Searcy  (northeastern  part),  Newton  (northern  part),  Carroll 
(northwestern  part),  and  small  portions  of  Benton  and  Washmgton. 

o  Williams,  J.  Francis,  The  igneous  rocks  of  Arkansas:  Ann.  Rept.  Geol.  Survey  Arkansas  for  1890, 
vol.  2,  1891.         ♦ 

bfiranner,  J.  C,  The  bauxite  deposits  of  Arkansas:  Jour.  Geology,  vol.  5, 1897,  pp.  203-289. 

c  Hayes,  C.  W.,  The  Arkansas  bauxite  deposits:  Twenty-second  Ann.  Rept.  U.  S.  Geol.  Survey, 
pt.  3, 1901,  pp.  440,  446,  and  454. 
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These  rocks  are,  for  the  most  part,  nearly  horizontal,  but  show  gentle 
folds  at  some  places,  while  at  others  they  are  somewhat  faulted. 

Ordovician  rocks  appear  also  in  an  area  south  of  the  Arkansas 
River  Valley,  in  the  Ouachita  Mountain  country.  In  this  region  they 
include  the  novaculites  and  the  rocks  inmiediately  underlying  them. 
They  are  exposed  in  portions  of  Pulaski,  Saline,  Garland,  Hot  Spring, 
Montgomery,  Polk,  and  Pike  counties." 

The  Ouachita  Ordovician  rocks  are  composed  chiefly  of  novaculites 
and  shales.  They  have  been  pressed  together  from  the  north  and 
south,  so  that  the  beds  have  been  thrown  into  a  series  of  sharp  east- 
west  folds.  After  they  were  folded  erosion  cut  away  the  tops  of  the 
arches,  leaving  the  hard  novaculites  as  prominent  ridges  over  the 
whole  area. 

SILURIAN   SYSTEM. 

Silurian  rocks  are  known  only  in  the  northern  part  of  the  State. 
They  rest  conformably  on  beds  of  Ordovician  age,  but  have  been 
recognized  at  only  a  few  places — in  the  region  just  west  of  Batesville 
and  at  points  as  far  west  as  St.  Joe,  in  Searcy  County.  These 
Silurian  beds  are  limestones,  at  some  places  overlying  ^  bed  of  shale 
of  probable  Ordovician  age.  The  areas  of  these  beds  are  too  small 
to  be  represented  on  the  accompanying  map  (PI.  I),  so  they  have 
been  included  with  the  Ordovician. 

DEVONIAN  SYSTEM. 

The  Devonian  period  is  represented  by  beds  of  variable  character — 
in  some  places  a  black  shale,  in  others  a  sandstone  containing  phos- 
phate nodules.  The  thickness  of  the  shale  ranges  from  a  few  inches 
to  70  feet;  that  of  the  sandstone  ranges  frr^m  5  to  75  feet.  These 
rocks  are  known  only  in  northern  Arkatisas,  where  they  follow  the 
contact  between  the  Silurian  and  Carboniferous  rocks  from  near 
Batesville  westward  to  the  vicinity  of  St.  Joe,  in  Searcy  County. 
They  have  been  recognized  also  along  White  River  northeast  of 
Fayetteville,  and  in  the  northwest  comer  of  the  State,  at  Sulphur 
Springs,  where  both  shale  and  sandstone  are  well  developed.  Although 
the  phosphatic  nodules  occur  sparingly  in  places  in  the  lower  few 
inches  of  the  overlying  basal  Mississippian  limestones,  there  was  prob- 
ably a  break  in  sedimentation  between  the  two  formations,  and  the 
nodules  have  been  reworked  into  the  younger  beds  from  the  d6bris 
of  the  older.  This  formation  also  is  so  limited  that  it  is  mapped  with 
the  Ordovician  rocks. 

a  A  report  on  this  area  by  L.  S.  Griswold  appears  in  Ann.  Rept.  Geol.  Survey  Arkansas  for  1890, 
vol.  3, 1891. 
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CARBONIFEROUS   SYSTEM. 

MISSISSIFPIAN    SERIES. 

Several  divisions  of  the  Mississippian  rocks  have  been  recognized 
in  Arkansas.  Brief  mention  is  made  of  each  of  these  owing  to  the 
important  bearing  which  the  limestones  and  shales  have  on  the  pro- 
duction of  clays  and,  consequently,  the  necessity  for  guidance  in 
identifying  the  formations  and  in  determining  their  areal  distribution. 

Boone  formation. — The  Boone  formation  consists  in  the  main  of 
a  series  of  cherty  limestones  and  cherts  that  has  been  known  as  the 
^' Boone  chert,"  a  name  given  to  the  series  on  account  of  its  wide 
distribution  in  Boone  County.  Below  these  over.a  large  area  in  the 
northern  part  of  the  State  lies  the  St.  Joe  limestone  member  of  the 
formation,  a  well-marked  bed  of  gray  or  pink  crystalline  limestone, 
which  is  the  basal  Carboniferous  bed.  It  is  easily  recognized  by  its 
color,  texture,  and  its  marked  contrast  with  the  beds  that  usually 
underiie  it.  This  limestone  forms  an  almost  unbroken  outcrop  from 
the  vicinity  of  Mountain  View,  in  Stone  County,  to  the  State  line 
near  Seligman,  Mo.  Where  the  cherts  contain  much  limestone  they 
form,  on  decay,  a  very  fertile  soil.  The  fine  farms  of  Boone  County 
about  Harrison,  Valley  Springs,  Belfonte,  and  Rally  Hill  are  on  the 
''Boone  chert.''  This  formation  covers  the  greater  part  of  Benton 
County  and  the  northern  and  western  parts  of  Washington  County. 
Where  the  chert  is  comparatively  free  from  limestone  beds  the  soil 
is  too  meager  for  agriculture  and  forms  the  "flint  hills"  of  western 
Carroll  and  northern  Madison  counties  and  the  watersheds  north  of* 
Marshall  and  southwest  of  Rush  Creek,  in  Marion  County,  and  the 
hilltops  about  Elixir  Springs,  Boone  County,  and  Doddsville,  Marion 
County. 

Moorefield  shale. — In  the  vicinity  of  Batesville  there  is  a  bed  of 
shale  lying  on  the  Boone  formation.  It  is  well  exposed  around 
Moorefield,  from  which  place  it  is  named.  In  that  locality  it  has  a 
thickness  of  from  50  to  75  feet.  To  the  west,  at  Mai'shall,  it  is  not 
over  35  feet  thick,  and  evidently  it  does  not  extend  much  farther 
westward.  The  shale  has  a  light  grayish  or  bluish  color  and  is  very 
friable.  In  places  it  is  sandy.  It  is  not  important,  but  is  described 
here  in  order  to  give  the  full  sequence  of  rocks  in  the  section  along 
the  northern  border  of  the  Boston  Mountains. 

Batesville  sandstone. — Next  above  the  Moorefield  shale  is  the  Bates- 
viUe  sandstone,  so  named  from  the  town  of  Batesville,  which  is  built 
on  this  sandstone.  It  is  present  along  the  base  of  the  slopes  of  the 
isolated  hills  and  mountains  north  of  the  Boston  escarpment,  in 
Independence,  Stone,  Searcy,  Newton,  Boone,  Carroll,  Madison, 
Washingtop,  and  Benton  counties.  The  rock  is  coarse,  cream-colored 
to  brown,  often  false  bedded,  and  in  some  places  contains  beds  of 
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shale  interstratified  with  sandstone.  A  light  sandy  soil  results  from 
its  disintegration.  It  serves  as  an  excellent  reservoir,  for  the  wells 
that  penetrate  it  usually  find  in  it  an  abundance  of  good  soft  water. 

Fayetteville  formation, — Next  above  the  Batesville  sandstone  lies 
a  formation  consisting  principally  of  black  or  dark-gray  carbonaceous 
shale,  at  many  places  thinly  laminated.  Near  its  base  there  is  gen- 
erally a  thin  bed  of  hard,  dark  gray  or  blue  limestone,  while  its  middle 
part  commonly  grades  from  a  sandy  shale  to  a  true  sandstone,  and 
where  the  sandstone  phase  predominates  this  portion  of  the  forma- 
tion is  distinguished  as  the  Wedington  sandstone  member.  The 
shale  is  well  developed  in  the  valley  of  West  Fork  of  White  River 
near  Fayetteville,  from  which  it  is  named,  and  the  Wedington  sand- 
stone member  is  particularly  prominent  southwest  of  Fayetteville, 
in  Wedington  Mountain,  where  it  attains  a  thickness  of  150  feet — 
perhaps  one-half  the  total  thickness  of  the  formation.  The  softness 
of  the  shale  causes  it  to  erode  so  easily  that  its  outcrop  is  usually 
marked  by  a  valley.  Where  exposed,  the  shale  disintegrates  readily 
and  forms  a  black  and  fertile  soil.  The  composition  of  the  unweath- 
ered  shale  renders  it  suitable  material  for  brick  making.  The  shale 
beds  are  practically  constant  from  the  Oklahoma  line  to  Sulphur 
Rock,  east  of  Batesville. 

Pitkin  limestone. — Above  the  Fayetteville  shale  or  the  Wedington 
sandstone  in  northern  Arkansas  there  is  nearly  everywhere  a  thin, 
inconspicuous  bed  of  limestone — the  Pitkin — characterized  by  screw- 
like stems  of  the  fossil  bryozoan  Archimedes,  This  formation  is 
regarded  as  the  highest  in  the  Mississippian  series. 

PENNSYLVANIAN    SERIES. 

Morrow  formation. — Under  the  name  Morrow  formation  are 
included  several  beds  of  limestone,  sandstone,  and  shale  which  vary 
much  in  thickness,  arrangement,  and  character,  and  are  of  but  little 
topographic  prominence.  These  beds  lie  just  below  the  sandstone  of 
the  "Millstone  grif  series  of  the  Arkansas  Survey,  and,  as  a  rule, 
form  the  middle  part  of  the  escarpment  of  the  Boston  Mountain 
range.  South  of  Batesville,  near  Jamestown,  these  beds  have  a  total 
thickness  of  about  200  feet,  while  in  a  section  in  the  north  face  of  the 
mountains,  south  of  Fayetteville,  they  are  about  400  feet  thick.  The 
soil  derived  from  them  is  highly  fertile,  but  the  land,  being  for  the 
most  part  very  precipitous,  is  so  badly  located  for  agricultural  pur- 
poses that  it  is  not  generally  cultivated.  It  possesses,  however,  a 
fine  timber  growth  and  several  available  limestone  beds. 

Winslow  formation. — The  Winslow  formation  Ues  upon  the  Morrow 
formation  and  makes  the  summit  and  southern  slopes  of  the  Boston 
Moimtains,  except  in  the  deeper  ravines  where  older  rocks  have  b^'osci. 
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exposed.  Rocks  of  this  formation  also  occur  on  the  tops  of  the  out- 
liers immediately  north  of  the  Boston  Mountains. 

The  formation  consists  of  beds  of  sandstone  and  shale,  with  a  few 
thin  local  layers  of  limestone.  The  sandstone  beds  range  in  thick- 
ness from  3  feet  to  more  than  50  feet.  One  of  these  beds,  and  in 
places  two,  near  the  base  of  the  formation,  are  conglomeratic,  con- 
taining waterwom  quartz  pebbles  of  small  size.  These  gritty  beds 
at  and  near  the  base  of  the  Winslow  formation  were  described  by 
the  Arkansas  Geological  Survey  in  the  report  on  Washington  County 
as  the  '^Millstone  grit.''  The  shales,  which  constitute  probably  75 
per  cent  of  the  formation,  are  as  a  rule  black  and  carbonaceous, 
though  less  so  than  the  shales  of  the  Morrow  formation.  Coal  occurs 
within  this  formation  but  only  in  beds  too  thin  to  be  profitably  worked. 
The  Winslow  formation  in  the  Boston  Mountain  region  extends  up 
to  the  base  of  the  series  of  rocks  that  contain  the  workable  coal  beds 
in  the  Arkansas  coal  field,  and  its  total  thickness  is  estimated  to  be 
more  than  1,500  feet. 

South  of  the  Boston  Mountains  the  Winslow  formation  is  repre- 
sented in  a  part  of  the  thick  series  of  sandstones  and  shales  that 
underlie  the  coal-bearing  rocks  in  the  Arkansas  coal  field.  This 
series  of  rocks  was  referred  to  in  the  publications  of  the  Arkansas 
Survey  as  the  ** Lower  or  Barren  Coal  Measures.''  The  uppermost 
formation  in  this  series  has  been  described  in  the  report  of  the  Arkan- 
sas coal  field  «  and  in  pubHcations  on  the  Indian  Territory  coal  field 
as  the  Atoka  formation.  This  formation  in  Oklahoma  and  Arkansas 
ranges  in  thickness  from  3,000  to  probably  5,000  feet.  Beneath  the 
Atoka  formation  there  are  other  formations  of  sandstone  and  shale 
of  probable  Pennsylvanian  age,  aggregating  12,000  to  15,000  feet  in 
thickness.^  These  rocks  make  the  rugged  country  of  the  Ouachita 
Mountain  region  south  of  the  Arkansas  coal  field,  and  the  Arkansas 
River  Valley  east  of  the  coal  field  and  south  of  the  Boston  Mountains. 

In  the  study  of  the  fire  clays  and  clay  shales  of  the  State  the  shale 
beds  of  the  ''Lower  or  Barren  Coal  Measures,"  as  well  as  of  similar 
beds  in  the  productive  coal-bearing  rocks,  are  of  much  importance. 
In  the  region  of  the  Boston  Mountains  and  in  the  lower  region  of 
similar  formation  on  the  east  the  rocks  of  the  ''Lower  Coal  Measures" 
lie  flat,  or  approximately  so,  and  their  outcrops  and  distribution  are 
thus  very  simple  and  are  easily  traced.  In  the  region  south  of  this 
area  of  horizontal  beds,  however,  the  same  rocks  are  thrown  into 
folds  that  become  more  and  more  abrupt  toward  the  south.  The 
upper  portions  of  these  folds  are  worn  away  by  erosion,  and  the  sand- 
stones are  left  as  ridges  while  the  soft  beds  of  shale  are  degraded. 

a  BuU.  U.  S.  Geol.  Survey  No.  326, 1907. 

&Branncr,  J.  C,  Thickness  of  the  Paleozoic  sediments  in  Arkansas:  Am.  Jour.  Set.,  4th  scr.,  vol.  2, 
1896,  pp.  229-236. 
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^The  soil  derived  from  the  rocks  of  the  ''Lower  Coal  Measures," 
being  deficient  in  lime  and  in  some  places  rather  thin,  is  only  moder- 
ately fertile. 

Hartshome  sandstone, — The  Hartshome  sandstone  lies  at  the  base 
of  the  productive  coal-bearing  rocks  of  the  Arkansas  coal  field.  It 
is  known  to  have  a  great  areal  extent,  and  is  found  cropping  out 
around  the  edges  of  the  coal-bearing  rocks  from  the  east  end  of  the 
Arkansas  coal  field  westward  into  Oklahoma.  It  is  100  to  300  feet 
thick,  and  contains  minor  beds  of  shale  in  its  central  and  upper  parts. 
McAlester  group. — Above  the  Hartshome  sandstone  there  is  in  the 
productive  coal-bearing  rocks  a  series  of  shales  and  sandstones  with 
a  number  of  beds  of  workable  coal.  The  McAlester  group  is  divisible 
into  three  formations — (1)  a  lower,  known  as  the  Spadra  shale,  con- 
sisting of  three  or  more  beds  of  coal  and  minor  strata  of  sandstone; 
(2)  a  middle,  called  the  Fort  Smith  formation,  composed  chiefly  of 
sandstone  and  shaly  sandstone  beds  with  one  or  more  workable  beds 
of  coal;  (3)  an  upper,  described  as  the  Paris  shale,  consisting  partly 
of  beds  of  sandy  shale  with  some  sandstone  and  one  or  more  work- 
able beds  of  coal.     These  formations  of  the  McAlester  group  are 


Fio.  1.— Ideal  section  across  folds  la  the  Carboniferous  rocks  of  western  Arkansas,    sh,  Shale; 

88,  sandstone. 

described  in  the  report  on  the  Arkansas  coal  field. «  The  Spadra 
shale  is  400  to  500  feet  thick,  the  Fort  Smith  formation  375  to  425 
feet,  and  the  Paris  shale  600  to  700  feet. 

Savanna  formation. — Overlying  the  McAlester  group  there  is  in  the 
productive  coal  series  a  formation  consisting  of  several  sandstone 
members  separated  by  shales.  This  is  known  as  the  Savanna  for- 
mation. It  occurs  in  Arkansas  only  in  the  tops  and  upper  slopes  of 
Poteau,  Sugarloaf,  Short,  and  Magazine  mountains.  That  part  of 
the  Savanna  exposed  in  Arkansas  is  estimated  not  to  exceed  1,000 
feet,  and  constitutes  approximately  the  lower  two-thirds  of  the 
formation. 

The  rocks  of  this  formation,  as  well  as  the  other  rocks  of  the  produc- 
tive coal  series,  are  all  more  or  less  folded,  so  that  the  shale  outcrops 
depend  on  the  character  and  direction  of  these  folds  and  can  there- 
fore be  determined  only  after  a  study  of  the  structure  of  the  region. 
It  can  be  said,  however,  that  the  shale  outcrops  generally  lie  in  the 
valleys  parallel  to  the  ridges,  so  that  a  cross  section  of  the  region 
would  show  the  rocks  to  have  the  relations  shown  in  fig.  1. 

aBuU.  U.  S.  Geol.  Survey  No.  326»  1907. 
48136— Bull.  351—08 2 
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OCCURRENCES  PRECEDING  THE  CRETACEOUS. 

• 

Deposition  of  the  rocks  from  the  Ordovician  beds  to  those  of  the 
Pennsylvanian  took  place  over  the  same  general  area.  The  expo- 
sures of  the  Mississippian  and  the  rocks  below  that  horizon  have 
resulted  from  the  erosion  or  removal  of  rocks  that  once  overlay  them. 
Had  the  entire  area  of  the  State  continued  submerged  during  Meso- 
zoic  time,  Triassic,  Jurassic,  and  Cretaceous  rocks  would  most  prob- 
ably be  foimd  to  overlie  the  Carboniferous  formations.  The  distri- 
bution of  the  Cretaceous  rocks,  however,  shows  that  at  the  close  of 
Carboniferous  time  a  large  area  became  dry  land,  and  that  the  shore 
of  the  Cretaceous  ocean  crossed  the  southwestern  part  of  the  State 
somewhere  below  the  northern  border  of  the  Cretaceous  area  shown 
on  the  geologic  map  (PI.  I). 

CRETACEOUS   SYSTEM. 

Rocks  of  Cretaceous  age  occur  in  but  a  small  portion  of  the 
State.  They  are  present,  concealed  in  some  places  by  later  deposits, 
in  a  roughly  triangular  area  south  of  the  Ouachita  Mountains  and 
west  of  Arkadelphia.  The  Tertiary-Cretaceous  border  lies  slightly 
southeast  of  the  St.  Louis,  Iron  Mountain  and  Southern  Railway 
between  Arkadelphia  and  Texarkana.  The  rocks  are  not  folded  or 
bent,  but  dip  to  the  southeast  at  a  low  angle.  They  are  usually  uncon- 
solidated, contain  considerable  calcium  carbonate,  and  form,  on  decay, 
a  very  fertile  black  soil.  The  Cretaceous  deposits  have  been  described 
in  detail,  ^  so  that  they  need  not  be  further  mentioned  here,  except 
to  call  attention  to  the  fact  that  later  observations  have  shown  that 
the  Arkadelphia  shale  at  Arkadelphia  is  Cretaceous  and  not  Tertiary, 
as  was  originally  supposed.  Cretaceous  rocks  have  also  been  recog- 
nized at  a  few  places  north  of  Little  Rock. 

TERTIARY   SYSTEM. 6 

Clays,  sands,  and  gravels  of  Tertiaiy  age  cover  the  greater  part  of 
eastern'  and  southern  Arkansas.  In  the  rocks  of  this  age  and  near 
their  base,  at  Benton  and  near  Malvern,  there  are  valuable  beds  of 
potter's  clays.  These  beds  dip  gently  to  the  southeast.  They  are 
all  more  or  less  sandy,  and  but  few  of  them  are  hard  and  consolidated. 
At  the  lignite  mines  of  Ouachita  County,  however,  some  of  the  sands 
are  indurated  to  verj^  compact  sandstones,  and  at  some  places  in 
Crowleys  Ridge  they  form  the  hardest  of  quartzites.     Though  the 

a  Hill,  R.  T.,  Ann.  Rept.  Geol.  Survey  Arkansas  for  1888,  voK  2,  pp.  66-174;  also  Taff.  J.  A.,  The  chalk 
of  southwestern  Arkansas:  Twenty-second  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3,  1901,  pp.  fi87-742; 
Branncr,  J.  C,  The  cement  materials  of  southwest  Arkansas:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  27, 
1898,  pp.  42-63. 

0  P'or  details  ol  the  Tertiary  geology  of  the  State  see  The  Tertiary  geology  of  southern  Arkansas,  by 
G.  D.  Harris:  Ann.  Rept.  Geol.  Survey  Arkansas  for  1892,  vol.  2, 1894. 
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Tertiary  is  widespread  in  the  eastern  and  southern  parts  of  the  State, 
it  is  at  many  places  overlain  by  a  thin  coating  of  Quaternary  deposits, 
so  that  the  true  character  of  the  Tertiary  beds  is  more  or  less  obscured. 
The  lignites  exposed  along  Saline  and  Ouachita  rivers,  the  maris 
exposed  at  White  Bluff  and  Red  Bluff  on  Arkansas  River,  and  the 
shell  mari  on  Little  Crow  Creek,  St.  Francis  County,  are  all  Tertiary. 
The  hard  sandstones  in  Crowleys  Ridge  about  Gainesville  are  of  the 
same  age.^ 

QUATERNARY  SYSTEM. 

A  thin  sheet  of  sedimentary  materials,  consisting  of  sands,  clays, 
and  gravels,  cover  the  Tertiary  area  of  the  State  and  some  of  the 
adjacent  Paleozoic  rocks.  The  country  lying  north  of  Arkansas 
River  and  east  of  the  Paleozoic  hills  belongs  to  the  Quaternary.  The 
lowest  strata  exposed  in  Crowleys  Ridge  belong  to  the  Eocene.^All 
the  river  bottoms  are  of  recent  origin,  while  the  loess  capping  ( 
Ridge  and  likewise  the  river  terraces  and  second  bottoms  of  i 
important  streams  belong  to  the  Pleistocene.  The  waterwom  mate- 
rials that  cover  the  foothills  of  Lawrence,  Independence,  Pulaski, 
Saline,  Hot  Springs,  Clark,  Pike,  Howard,  and  Sevier  counties  are  of 
late  Tertiar\"  or  Pleistocene  age. 

oCall,  R.  E.,  The  geology  of  Crowleys  Ridge:  Ann.  Rept.  Geol.  Survey  Arkansas  for  1889,  tol.  2, 1891. 


CHAPTER  II. 

CHARACTER,  ORIGIN,  OCCURRENCE,  AND  USES  OF 
ARKANSAS  CLAYS.« 

CliASSinCATION  OF  THE  CLAYS, 

No  sharply  defined  classification  of  the  common  clays  is  altogether 
satisfactory,  for  clay  is  not  a  definite  compound  nor  a  well-defined 
mineral  species,  and  the  qualities  and  values  of  clays  depend  upon 
physical  and  chemical  properties  which  vary  within  wide  limits,  so 
th|tt  the  various  kinds  of  clay  grade  imperceptibly  into  one  another. 
The  clays  of  this  State  may  be  classified,  however,  with  reference  to 
their  mode  of  formation,  as:  (1)  Residual  clays,  (2)  clays  of  mechan-- 
ical  origin,  (3)  clays  and  kaolins  of  chemical  origin,  and  (4)  bauxite. 
They  will  be  briefly  discussed  in  this  order. 

RESIDUAIi  CLAYS, 

Clays  and  kaolins  are  chiefly  secondary  products  derived  either 
directly  or  indirectly  from  feldspathic  rocks — that  is,  from  rocks  com- 
posod  either  entirely  or  largely  of  the  mineral  feldspar,  such  as  granite, 
syenite,  and  gneiss.  The  feldspathic  rocks  may  be  either  eruptives — 
that  is,  rocks  injected  in  a  molten  condition  from  below  into  or 
through  crevices  in  the  earth's  crust — or  they  may  be  the  crystalline 
rocks  that  underlie  our  oldest  sedimentary  rocks.  Whenever  and 
wherever  these  rocks  occur  near  the  surface  they  decay — many  of 
them  very  slowly — and  form  kaolins  or  clays  containing  more  or  less 
ini])urities.  When  the  rocks  contain  little  else  than  feldspar,  or  when 
the  minerals  that  would  stain  or  otherwise  injure  kaolin  are  removed 
in  solution,  they  form,  on  decomposition,  kaolin  of  more  or  less  value; 
l)ut  when  they  contain  considerable  quantities  of  iron,  manganese, 
or  other  discoloring  impurities  they  form  clays  of  various  colors. 
Such  clays  and  kaolins  are  said  to  be  derived^directly  from  feldspathic 
rocks. 

The  precise  process  of  the  alteration  of  the  solid  syenites  of  the 
Foiirche  Mountain  region  to  kaolins  and  clays  is  illustrated  by  the  fol- 
lowing analysis.  The  column  marked  ^^blue  syenite^'  shows  the  com- 
position of  the  original  unaltered  rock,  the  column  marked  'Mecom- 

"  Persons  wishing  to  consult  other  works  on  clays  will  find  a  bibliography  of  the  subject  in  Bull. 
ir.  S.  Geol.  Survey  No.  143, 1896;  a  second  edition  of  that  bibliography  was  published  l)y  the  Amer- 
ican Ceramic  Society  at  Columbus,  Ohio,  in  1906. 

20 


CHARACTER,  ORIGIN,  OCCURREKCE,  AND  USES. 


21 


posed  blue  syenite ''  shows  the  chemical  alteration  of  this  same  rock 
in  process  of  decomposition,  while  the  column  headed  ''kaolin"  shows 
the  last  stage  of  alteration  to  kaolin. 

Analyses  of  pulaskite  (bltie  syenite)  and  its  decomposition  products. 
[Brackett  &  Smith,  analysts.] 


Constituents. 


Silica  (SiOs) 

Titanium  (TlOj).... 
Alumina  (AhOs) . . . . 
Ferric  iron  (FejOa). 
Ferrous  iron  ( FeO) . 

Lime(CaO) 

Magnesia  (MgO) 

Manganese  (MnO) . . 

Potash  (KsO) 

Soda(Na«0) 

Phosphorus  (PjOa) . 
Water  (H,0) 


Blue 
syenite. 


6a  03 


20.76 
4.01 

.75 
2.62 

.80 

Trace. 

5.48 

5.96 

.07 

.59 


101.07 


Decom- 

I)osed  blue 

syenite. 


50.65 

.06 

26.71 

4.87 


.62 
.21 


1.91 


94.33 


Kaolin. 


46.27 


38.57 
1.36 


.34 
.25 


.23 
37 


13.61 


101.00 


^":?- 


Fio.  2.— Residuary  clay  formed  by  decomposition  of  syenite  in  place,  in  railway  cut  3  miles  south  ol 
Little  Rock,    sy,  Syenite;  d,  clay. 

It  should  be  noted  that  the  changes  in  passing  from  syenite  to 
kaolin  consist  chiefly  in  the  absorption  of  water,  the  removal  of  the 
more  soluble  materials,  such  as  lime,  potash,  and  soda,  and  the  con- 
sequent increase  of  the  percentage  of  alumina. 

This  blue  syenite  is  at  many  places  traversed  by  cracks  or  joints 
that  break  it  into  great  angular  fragments.    W^V^x  OwKt'^^^  -^^^^^ 
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organic  acids  which  are  derived  from  decaying  vegetable  or  other 
organic!  matter,  on  i>enetrating  these  cracks  cauaeja  the  rock  to  decay, 
the  decomposition  processes  attacking  the  masses  at  first  along  these 
openings  and  then  extending  inward  until  only  a  rounded  bowlder  is 
left;  later  still  the  whole  mass  is  converted  into  clay,  the  soluble  parts 
of  the  rock  having  been  washed  out  by  the  percolating  water.  Vast 
quantities  of  days  are  formed  in  this  way  by  the  decay  of  the  crys- 
talline rocks,  and  no  doubt  such  decay  has  been  going  on  since  the 
cnist  of  the  earth  began  to  harden. 

Fig.  2,  sketched  in  the  railway  cut  3  miles  south  of  little  Rock, 
illustrates  this  method  of  forming  clay,  the  clays  at  that  ])lace  having 
been  derived  directly  from  the  syenites  by  decomposition. 

Bnmo  Kerl"  holds  that  feldspar  may  even  be  decomposed  by- 
water  alone  at  high  temperatures,  and  \mder  strong  i)ressure,  yielding 


Fir,.  :t.  -Shiilos  (Iwaying  at  the  surface  In  railway  cut  at  Littlo  Rock.    sh.  Shal";  cl,  oh\y  formed  by 

tlocomporltion  of  shale  in  pliicc'. 

day,  silicate  of  j)otash,  and  silicic  acid.  Carbonic  acid  may  produce 
similar  decomi)osition  at  ordinarj^  temperatures  and  without  pressure. 

Fig.  3  is  a  sketch  made  in  the  railway  cut  about  a  mile  west  of  the 
union  depot  at  Little  Kock.  The  clays  at  the  top  of  the  ground  here 
are  simply  the  decayed  upturned  edges  of  the  shales  exposed  in  the 
railway  cut.     Deeper  down  the  shales  are  com])act  anil  undecomposed. 

The  thin  vein  of  quartz  in  the  shale  evidently  once  passed  upward 
into  the  extensiim  of  the  shales,  but  as  the  shales  decayed  and  formed 
a  soft  clay  the  quartz,  not  being  so  readily  attacked  by  weathering 
agents,  simply  broke  into  irregular  fragments  and  remained  in  the 
clay  or  shale  after  it  was  decomposed.  Any  other  insoluble  mate- 
rials ill  the  shale,  such  as  sand,  would  thus  be  left  as  an  impurity  or 
grit  ill  the  clay. 

«  lIniull)U<'h  <1«T  gosainniten  Thonwjmronliuluatrip,  Uraunwhwcit?.  1S7U.  p.  29. 
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The  clay  in  this  place  is  derived  directly  from  the  shale.  But  the 
shale  itself  is  an  argillaceous  rock  which  was  originally  made  from 
clays  and  sediments  that  washed  down  from  land  where  some  of  the 
old  feldspathic  rocks  were  decaying  or  had  decayed.  This  residuary 
clay  is  thus  derived  directly  from  shale,  but  indirectly  from  feld- 
spathic rocks. 

Fig.  4  shows  the  derivation  of  clay  from  limestone  by  decompo- 
sition, the  lime  of  the  rock  being  dissolved  out  and  carried  away,  tho 
clay,  iron,  sand,  and  whatever  insoluble  impurities  the  rock  con- 
tained being  left  behind.  This  clay  is  of  a  deep  red  color.  It  con- 
tains some  fragments  of  the  limestone  from  which  it  is  derived — 
small  pieces  not  yet  completely  decomposed.  This  Hmestone  con- 
tains nodular  pieces  of  chert  or  flint,  and  as  these  do  not  decay,  or  at 
least  do  not  decay  so  rapidly  as  the  limestone,  they  are  left  as  loose 
pieces  in  the  clay.     The  clay  in  this  case  comes  from  the  impurities 


FiQ.  4.— Swtion  on  Dry  Croek,  Carroll  County,  shoMring  formation  of  clay  by  dpcomposltlon  of  llmo- 

stonn.    Is,  Limestone;  d,  clay. 

in  the  limastone,  and  these  impurities,  in  so  far  as  they  form  clay, 
were  deposited  as  an  argillaceous  silt  with  the  calcareous  material 
that  forms  the  limestone.  This  will  serve  to  explain  at  once  the 
origin  of  the  clays  of  some  limestone  regions  and  the  great  blanket 
of  clay  founil  over  most  limestone  regions,  as  well  as  that  found 
in  caves  and  in  crevices  and  fissures  in  limestones. 

Clays  thu«  formed  and  lying  where  they  originated  are  the  residue 
from  the  decay  of  some  hard  rock,  and  are  therefore  called  residuary 
clays.  Other  illustrations  might  be  given  to  show  how  clays  are 
derived  from  other  kinds  of  rocks  than  those  mentioned,  but  these 
are  enough  to  show  what  is  meant  by  residuary  clays.  The  decom- 
position of  rocks  and  the  formation  of  residuary  clays  may  be  seen 
in  almost  every  part  of  the  elevated  portion  of  the  State. 

It  is  evident  that  the  clays  derived  from  any  of  the  rocks  men- 
tioned must  vary  more  or  less  among  themselves,  according  to  the 
amount  and  character  of  the  insoluble  eoulevA-^  ^l  \)cvfe  \o»q^^  \xv^\<^ 
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wliich  they  are  derived.  Wherever  these  residuary  clays  are  ex- 
posed at  the  surface  they  are  usually  still  further  modified  by  weath- 
ering and  by  organic  agencies.  Wlien  they  are  washed  into  streams, 
sorted  by  the  currents,  and  deposited  again  they  form  what  are 
known  as  redeposited  clays. 

CliAYS   OF  MECHANICAL.  ORIGIN. 

Clays  may  be  produced  by  grinding  to  a  fine  powder  any  rock  that 
will  produce  clay  upon  decomposition.  When  thus  pulverized  some 
of  these  rocks,  possibly  all  of  them,  become  more  highly  hydrated  or 
take  up  more  water  of  crystallization,"  a  change  which  is  probably 
expUcable,  in  part  at  least,  upon  the  theory  that  much  more  rapid 
decomposition  is  produced  by  finely  dividing  the  material  so  as  to 
expose  a  very  large  surface  to  decomposing  agencies.  The  tritura- 
tion of  rock  fragments  dashed  against  one  another  either  by  the 
current  of  a  stream  or  by  the  action  of  waves  wears  the  fragments 
round,  forming  cobblestones,  pebbles,  sand,  and  mud.  More  mud 
than  sand  is  formed  in  this  operation — in  other  words,  the  greater 
part  of  the  material  passes  almost  directly  from  the  condition  of  a 
solid  rock  to  that  of  a  clay.  This  clay  is  carried  along  by  the  water 
until  the  current  is  checked,  when  it  gradually  sinks  to  the  bottom 
and  forms  a  bed  or  layer.  But  whether  the  argillaceous  sediments 
carried  into  the  sea  by  streams  are  of  mechanical  or  chemical  origin, 
they  all  go  to  form  new  beds  of  clays  over  the  bottom  of  the  sea. 
All  parts  of  the  earth's  surface  above  the  ocean's  level  are  being 
gradually  cut  down  by  the  slow  but  never-ceasing  processes  of 
weathering  and  erosion  and  are  carried  away  either  in  chemical  solu- 
tion or  in  mechanical  suspension.  In  this. process  of  degradation  the 
heavier  materials  are.  left  behind  for  further  disintegration,  while  the 
lighter — that  is,  the  clays  and  fine  sands — are  carried  away  by 
streams.  This  mechanical  separation  by  water  goes  on  constantly, 
and  during  the  eons  of  geologic  time  the  results  of  such  agencies 
have  accumulated  until  they  have  ultimately  produced  an  impressive 
and  almost  increcUble  total. 

KAOLIN. 

The  distinction  between  clay  and  kaolin,  except  in  a  mineralogical 
sense,  is  an  arbitrary  one,  for  the  two  grade  imperceptibly  into  each 
other.  Both  kaolin  and  clay  are  derived  chiefly,  either  directly  or 
indirectly,  from  feldspathic  rocks  by  ilecoraposition.  Kaolin  is  com- 
posed of  siUca,  alumina,  and  water,  usually  with  a  little  impurity, 
while  clay  has  the  same  constituents,  but  its  impurities  form  a  larger 
percentage  of  its  composition.     These  impurities  are  often  in   the 

«  Duul)r<V,  A.,  C}<'*ologl('  exp<^rimontal«*,  p.  252. 
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form  of  free  silica  or  fragmentary  quartz,  and  this  being  anhydrous 
an  analysis  of  the  material  shows  a  smaller  percentage  of  water  than 
is  found  in  the  purer  clay  or  kaolin.  Thus,  while  kaolin  usually 
contains  about  12  per  cent  of  water,  the  clays  have  less  than  8  per 
cent." 

Kaolin  deposits  may  originate  in  three  ways — (1)  by  the  alteration 
of  feldspar  in  place;  (2)  by  chemical  action  other  than  the  ordinary 
alteration  of  feldspar,  as  illustrated  by  rectorite;  (3)  by  the  washing 
down  and  redepositing  of  kaolin  formed  in  place.  The  great  bulk  of 
our  kaolins,  however,  are  derived  directly  from  feldspar.  The  proc- 
ess by  which  feldspar  or  feldspathic  rocks  are  changed  to  kaolin  is 
kaolinization.  Syenite,  which  is  generally  known  in  Arkansas  as 
"  granite,'^  is  made  up  largely  of  feldspar,  and  when  the  feldspar  decom- 
poses, as  it  always  does  sooner  or  later,  it  forms  kaolin.  The  other 
ingredients  of  the  syenite,  however,  such  as  hornblende,  mica,  iron, 
pyrites,  and  quartz,  remain  in  the  residuary  material,  so  that  it  does 
not  form  pure,  clean  kaolin,  but  is  generally  an  impure  clay.  Below 
are  analyses  of  feldspar,  of  a  variety  of  Arkansas  syenite,  and  of  a 
syenite  partly  changed  into  clay. 

Analyses  of  feldspar  ^  syenite^  and  kaolin. 


Silica  (SiOf) 

Alumina  (AlfOg) 

Ferric  oxide  (FejOj) .... 
Ferrous  oxide  (FeO) . . . 

Lime  (CaO) 

Ma^csia  (MgO) 

Potassium  (KjO) 

Soda  (NatO) 

Phosphoric  acid  (PaOi) . 
Water 


Feldspar.o 


66.39 
18.13 
1.44 


.16 

.06 

8.51 

5.36 


.42 


100.47 


Blue  sy- 
enite.a 


60.03 

20.76 

4.01 

.75 

2.62 

.80 

4.48 

5.96 

.07 

.59 


101. 07 


Decom- 
posed 
syenite,  ft 


58.50 
25.71 
3.74 


5.85 


97. 57 


Kaolin,  c 


46.27 

38.57 

1.36 


.44 

.34 

Trace. 

.25 

1.96 

.23 

1.37 

.37 

13.61 


'»  From  Fourche  Mountain,  Little  Rock,  Arlc. 

*  From  Pulasld  County,  railway  cut  2  miles  north  of  Sweet  Home. 

e  From  sec.  9,  T.  1  8.,  R.  12  W. 

These  analyses  show  that  in  passing  through  the  process  of  decom- 
position from  a  hard  blue  syenite  to  a  kaolin  the  rock  loses  part  of 
all  its  ingredients  except  alumina  and  water,  which  are  proportion- 
ately increased ;  or  perhaps  it  would  be  better  to  say  that  the  removal 
in  solution  of  some  of  the  constituents  leaves  others  predominant. 
The  change  from  feldspar  to  kaoUn  goes  still  further,  but  the  feldspar 
contains  less  iron  and  is  therefore  more  liable  to  end  in  a  clean  white 
kaolin  than  is  the  ordinary  rock. 

a  Of  course  no  reference  is  here  intended  to  prophylUte  or  rectorite,  which  are  hydrous  silicates  of 
alumina  and  contain  less  than  8  per  cent  of  water.  Those  substances,  however,  are  not  lilcely  to  he 
mistaken  for  common  clays. 
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POTTERY  CLAYN. 

By  pottery  clays  is  here  meant  such  as  are  commonly  used  in  the 
manufacture  of  crocks,  jare,  jugs,  and  chums  at  the  potteries  now 
in  operation,  and  not  the  poorer  kaolins  that  might  be  used  for  similar 
purposes.  All  the  clays  of  the  State  that  are  or  have  been  used  for 
the  manufacture  of  pottery  are  grouped  here  under  the  head  of  pot- 
tery--clays,  whether  or  not  they  are  available  for  other  and  more 
important  uses.  The  common  pottery  clays  of  Pulaski,  Hot  Spring, 
Saline,  Clark,  Hempstead,  and  Miller  counties,  and  those  in  other  of 
the  southeastern  and  eastern  counties  of  the  State,  are  all  of  sedimen- 
tary' origin  and  of  Eocene  or  lower  Tertiary  age.  They  were  laid 
down  in  nearly  horizontal  beds,  which  generally  dip  toward  the  south- 
east at  a  low  angle,  so  that  beds  that  outcrop  at  or  near  the  Paleozoic 
highlands  lie  at  depths  that  become  greater  toward  the  southeast. 
In  nature  these  Tertiary  deposits  vary  from  coarse^sands  through 
earthy  marls  to  fine  plastic  clays.  Many  of  the  clay  beds  contain 
impressions  of  fossil  leaves  and  small  sticks  of  wood — materials  that 
evidently  sank,  with  the  clays  that  inclose  them,  to  the  bottoms  of 
the  swamps  or  lagoons  that  once  covered  this  region. 

While  the  pottery  clays  dip  to  the  southeast  and  gradually  descend 
to  greater  depths  beneath  the  surface,  the  beds  do  not  preserve 
throughout  the  characters  they  may  display  at  a  single  exposure.  It 
is  a  well-known  fact  in  geology  that  sedimentarj'^  beds  may  vary  in 
character  and  thickness  from  one  point  to  another;  indeed,  they  are 
even  more  liable  to  vaiy  than  to  be  constant  in  thickness  and  charac- 
ter. So  while  the  pottery  clays  may  be  of  unifonn  thickness  and 
quality  toward  the  southeast,  or  may  even  improve  in  quality  and 
increase  in  quantity,  it  must  not  be  inferred  that  this  is  jnoved.  It 
is  possible  that  they  form  lenticular  masses;  but  in  any  case,  those 
who  would  prospect  for  pottery  clays  within  the  Tertiary^  area  of  the 
State  would  do  well  to  bear  in  mind  their  structural  features  and 
their  possible  variations. 

Although  sediments  are  deposited  in  approximately  horizontal 
beds,  the  pottery  clays  about  Benton  and  elsewhere  in  the  Tertiary 
re^gicm  of  the  State  occur  as  fragmentarj^  beds  in  isolated  hills.  After 
the  TertiaiT  beds  had  been  laid  down  they  were  elevateil,  so  that 
from  being  soft  muds  and  sands  at  the  bottom  of  the  sea  or  of  lagoons 
they  came  to  form  ''  diy  land."  But  all ''  dr}^  land,''  or  all  of  the  crust 
of  the  earth  that  stands  uncovered  by  water,  is  subjected  to  eroding 
agencies  which  cut  it  down  and  wash  it  away,  leaving  its  surface 
scored  and  furrowed  by  gullies,  ravines,  and  valleys.  By  this  process 
the  beds  of  former  sediments  are  carried  away,  whether  they  be  sands, 
gravels,  or  clays,  while  over  the  surface  is  spread  out  a  thin  covering 
of  the  less  soluble  or  less  oortable  material. 
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CLAYS  FOR  DRAIN  TILJES. 

There  is  no  lack  of  clay  in  this  State  available  for  the  manufacture 
of  good  drain  tiles.  The  light-blue  clays  through  the  country  lying 
between  Beebe  and  Kensett  and  thence  to  Judsonia,  and  between 
Kensett  and  West  Point,  in  White  County,  are  available  for  the  manu- 
facture of  tiles.  The  clays  about  Brinkley,  Monroe  County,  are  well 
adapted  to  tile  making.  Along  the  western  base  of  Crowleys  Ridge 
in  Phillips,  Lee,  and  St.  Francis  counties,  and  on  both  sides  of  the 
ridge  in  Cross,  Poinsett,  Craighead,  Greene,  and  Clay  counties,  these 
clays  are  abundant  and  of  excellent  quality.  They  abound  also  along 
Bradshaw  and  Terre  Noir  creeks  in  Clark  County. 

In  the  counties  south  and  southeast  of  Little  Rock  clays  available 
for  tile  making  occur  both  as  surface  soils  in  the  valleys  (not  alluvial) 
and  in  the  widespread  stratified  Tertiary  beds  of  the  region. 

In  the  hilly  regions  north  of  the  Cretaceous  and  Tertiary  area  of 
the  State  drain  tUes  are  not  likely  to  come  into  demand  except,  per- 
haps, in  the  bottom  lands,  but  wherever  they  may  be  wanted  they 
can  be  made  from  the  brick  clays  that  have  accumulated  in  the 
valleys. 

Along  the  Petit  Jean  and  Fourche  le  Fevre  the  surface  soils  of  the 
lowlands  are  generally  available  for  tiles.  In  the  neighborhood  of 
Arkansas  River  tile-making  material  may  be  found  in  abundance  in 
the  terraces  of  brown  and  reddish  clays  that  lie  just  outside  of  the 
"second  bottoms.''  Any  of  these  clays  will  be  improved  for  tile 
making  if  they  are  allowed  to  weather  through  a  winter. 

The  demand  for  drain  tiles  has  hitherto  been  so  limited  that  but 
little  work  has  been  done  in  manufacturing  them.  Whatever  bene- 
fits may  come  from  the  drainage  of  the  soil  are  either  unknown  to 
the  average  landowner  or  are  disregarded,  while  the  expense  of  pro- 
curing tiling  and  draining  has  acted  as  an  additional  drawback  to  the 
custom  of  underdraining  in  places  where  it  would  be  of  great  service. 
There  can  be  no  doubt,  however,  that  many  of  the  most  fertile  lands 
of  the  State  of  Arkansas  that  now  lie  unused  could  be  brought  under 
cultivation  if  they  were  only  properly  drained.  The  custom  of  under- 
draining  must  necessarily  be  adopted  by  our  farmers  in  the  near 
future,  and  when  fairly  tried  it  will  soon  prove  its  own  importance 
on  certain  kinds  of  lands.  It  is  especially  true  of  the  lowlands  within 
the  Quaternary  area  of  the  State.  R.  E.  Call,  who  has  paid  especial 
attention  to  the  Crowleys  Ridge  region,  is  of  the  opinion  that  thou- 
sands of  square  miles  that  now  lie  idle  along  White,  Cache,  L'Anguille,* 
and  Arkansas  rivers  can  be  brought  under  profitable  cultivation  by 
some  system  of  underdraining. 
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BUCKSHOT  CliAYS. 

(Tharacter, — In  many  places  in  this  StaU».  and  at  some  places  over 
a  great  many  square  miles,  both  in  the  Paleozoic  highlands  of  the 
western  part  of  the  State  and  in  the  Tertiaiy  and  Quaternary  low- 
lands of  the  east,  there  is  a  kind  of  clay,  usually  of  an  ashen  color, 
but  often  mottled  red,  gray,  and  yellow,  that  contains  great  quanti- 
ties of  nodules  of  iron  (limonite)  varying  in  size  from  that  of  a  pin 
head  to  that  of  a  walnut.  This  is  one  of  the  soils  known  as  "buck- 
shot" land,  a  name  doubtless  given  to  it  on  account  of  the  size  and 
form  of  these  nodules.^  The  nodules  at  some  places  lie  along  a 
broad  but  well-defined  line  at  a  uniform  depth  from  the  surface;  in 
others  their  depth  varies  greatly;  they  may  be  on  the  surface  or  may 
lie  as  deep  as  5  or  6  feet  below. 

Origin  of  the  ^^hucJcshoV* — The  process  by  which  these  nodules  are 
formed  seems  to  be  as  follows:  The  iron  was  originally  distributed 
through  the  uppermost  bed  of  the  surface  clay.  Vegetation  growing 
and  decaying  on  the  surface  furnished  vegetable  acids  to  waters  that 
penetrated  the  soil  and  dissolved  out  the  iron  from  the  upper  por- 
tions of  the  beds.  As  the  iron-charged  waters  penetrated  the  clays 
the  iron  was  precipitated  at  points  a  short  distance  below  the  surface 
to  form  the  buckshot  nodules.  These  nodules  are  never  very  abun- 
dant on  hillsides  or  steep  slopes,*  but  occur  for  the  most  part  on  gentle 
slopes  and  in  the  soils  of  the  '' slashes"  or  flat  lands  on  which  the 
water  stands  or  has  stood  during  wet  seasons.  The  leaching  of  the 
iron  from  the  upper  beds  of  clay  leaves  them  usually  of  a  pale  ashen 
or  cream  color,  while  the  admixture  of  organic  matter  sometimes 
gives  them  a  leaden  color. 

Carbonic  acid  is  probably  one  of  the  most  active  agents  in  dissolv- 
ing the  iron  from  the  surface  soil  and  redepositing  it  at  lower  depths. 
But  on  descending  with  water  through  the  upper  layei*s,  so  long  as 
water  stands  upon  the  ground,  carbonic  acid  will  not  give  up  its  iron. 
If  it  should  pass  downward  the  iron  would  remain  in  solution,  and  if 
it  flowed  away  laterally  the  iron  woidd  be  precipitated  only  when 
tiie  water  came  near  the  surface.  It  therefore  seems  probable  that 
this  iron  remains  in  solution  until  the  wet  grounds  become  dry,  when 
it  is  precipitated  by  the  evaporation  of  the  water.  As  might  be 
expected  from  the  conditions  under  which  these  lumps  of  iron  are 
formed,  they  vary  in  size  and  in  their  distance  from  the  surface,  and 
the  bands  in  which  they  are  arranged  vary  in  thickness. 

o  In  Arkansas  another  kind  of  soil  is  also  known  as  buckshot  land.  Tho  latter  is  cnlcarooiis  alluvial 
soil  containing  considerable  clay.  After  being  plowed  the  clods,  on  weathering,  hTo^k  into  small 
cuboidul  lumps,  which  appear  to  have  suggested  the  name  buckshot  by  their  size  rather  than  by  their 
shape.    This  soil  is  usually  very  fertile,  while  that  containing  the  limonite  nodub's  is  rather  poor. 

b  At  Forrest  City  a  band  of  limonite  nodules  is  exposed  in  a  railway  cut  43  fe«'t  below  the  surface. 
This  probably  represents  the  ancient  soil  cited  ]>y  Chaml>erlin  and  Salisbury  as  underlying  the  loess. 
(See  Call's  report  on  The  geology  of  Crowleys  Uidge:  Ann.  Kept.  (Jeol.  Sur\'ey  Arkansas  for  1889,  vol.  2, 
p.  1.19,  and  i'l.  I,  ng.  2,  p.  206.) 


CHARACTEB,  ORIGIN,  OCCUBBENCE,  AND  USES.  29 

Tfses, — In  many  parts  of  the  State  these  buckshot  clays  are  used 
for  making  common  bricks,  but  they  are  not  very  well  adapted  to 
such  use.  The  iron  lumps  cause  hard  black  spots  in  the  bricks,  and 
the  clay  is  more  or  less  troublesome  to  work  by  hand,  for  the  nodules 
tear  the  hands  of  the  brick  molders  and  catch  on  the  sides  of  the 
molds  These  difficulties  could  be  averted  by  crushing  or  screening 
the  clay,  but  it  is  doubtful  whether  the  expense  of  such  a  process 
would  be  warranted  in  making  ordinary  bricks. 

It  is  of  much  importance  to  find  that  some  of  these  lowland  clays 
have  been  used  successfully  in  the  manufacture  of  Portland  cement 
at  WhiteclifFs,  in  Little  River  County.  In  reply  to  inquiries  about 
the  clays  employed,  the  secretary  of  the  company,  Mr.  W.  J.  Kelly, 
kindly  furnished  the  following  information. : 

The  first  clay  we  used  for  making  cement  was  taken  from  the  SE.  i  SE.  J  sec.  35, 
T.  11  S.,  R.  29  W.,  on  the  west  side  of  Little  River,  the  analysis  of  which  is  as  follows: 

Analysis  of  cement-making  clay  mined  on  Little  River  near  Wkitecliffs. 

SiOa 72.64 

AI2O3 13. 91 

FeaOg 3.  72 

CaO 20 

MgO 45 

Total  volatile 7. 53 

As  this  deposit  is  across  the  river  from  the  works,  we  experimented  with  the  clays 
on  the  east  side  of  the  river  and  found  a  bed  of  clay  one-fourth  of  a  mile  south  of  the 
plant. 

The  bed  of  clay  on  this  side  of  the  river  is  several  acres  in  extent  and  16  feet  thick 
in  the  SW.  J  SW.  }  sec.  36,  T.  11  S.,  R.  29  W.    The  analysis  of  this  clay  is  as  follows: 

Analysis  of  brick  clay  mined  on  Little  River  near  Wkitecliffs, 

SiOa 74.54 

AI2O3 14. 47 

FegOa '. 1. 79 

CaO 73 

MgO 41 

Total  volatile 6.26- 

Alkalies  not  yet  determined. 

From  this  clay  we  also  made  2,000,000  red  brick  in  1897  and  1898.  There  is  no 
stripping  whatever,  as  the  deposit  starts  at  the  surface.  We  have  a  narrow-gage  railroad 
from  the  plant  to  the  pit. 

THE  LOESS. 

The  loess  constitutes  the  upper  30  to  90  feet  of  the  higher  portions 
of  Crowleys' Ridge  from  Dee  post-office,  in  Craighead  County,  south- 
ward to  Helena,  in  Phillips  County.  At  Helena  it  attains  its  maxi- 
mum thickness.  Throughout  the  areas  of  its  distribution,  both  in 
Arkansas  and  in  other  States,  it  usually  contains  large  numbers  of 
limy  concretions,  or  puppets,  which  are  highly  characteristic  of  it*, 
soils. 
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Throughout  the  region  it  covoi-s  in  Arkansas  the  loess  may  be 
readily  reco^iztMl  by  its  fineness  and  by  its  light-yellow  or  buff  color. 
In  certain  localities  it  becomes  slightly  darker  in  color,  possibly  by 
reason  of  tlie  presence  of  organic  matter,  or  it  may  even  be  blotched 
with  dark-brown  and  reddish  colors.  Close  examination  of  these 
blotches  reveals  the  fact  that  the  color  is  <hie  to  a  superficial  coating 
of  iron  oxide  on  the  individual  grains. 

This  loess  is  especially  suited  to  the  manufacture  of  superior  grades 
of  brick.  Care  is  necessary  in  its  preparation  for  molding,  however, 
and  discrimination  is  required  in  respect  to  the  mixture  of  soils  from 
the  neighboring  hills.  Where  the  soils  of  the  hillsides  are  largely 
made  up  of  sands  and  gravels  derived  from  local  outcrops  of  the  Ter- 
tiary strata,  as  they  are  in  some  places  about  Jonesboro,  Ilarrisburg, 
Gainesville,  and  Wynne,  they  are  imsuited  to  the  manufacture  of 
good  brick.  At  other  localities,  notably- near  Marianna,  at  Forrest 
City,  and  at  La  Grange,  the  slopes  of  the  hills,  along  their  lower  mar- 
gin, contain  many  small  nodules  of  limonite,  which  render  the 
soils  less  valuable  for  brick  manufacture.  If  these  nodules  bo  re- 
movcul  l)y  screening,  the  soils  can  be  used  successfully  in  brick  manu- 
facture. But  at  all  these  localities  there  are  abundant  deposits  of 
clean  loess  that  furnish  unlimited  opportunities  for  brickmaking. 

The  bricks  made  from  the  Crowleys  Ridge  loess  usually  bum  to  a 
good  color — cherry-red  for  hard,  and  a  lighter  shade  of  red  for  the  soft 
burned  ones. 

Near  Marianna,  in  the  SW.  J  wSW.  J  sec.  19,  T.  2  N.,  R.  4  E.,  many 
acres  are  covered  by  a  peculiarly  cx)lored  modification  of  the  loess^ 
which  contains  a  higher  percentage  of  iron  oxide  than  the  typical 
loess.  It  is  a  very  fine  homogeneous  deposit  and  fills  the  lower  por- 
tion of  all  the  creeks,  ravines,  and  gullies  of  the  neighborhood.  It 
will  ])rove  a  superior  brick  clay  and  will  bum  to  a  rich,  uniform  red. 
It  is  well  adapted  to  the  manufacture  of  ornamental  front  and  pressed 
brick. 

The  hilly  country  north  of  Poinsett  County  differs  from  other  parts 
of  the  State  in  the  distribution  of  the  loess  and  its  relations  to  the  Ter- 
tiary strata.  The  loess  there  is  found  oidy  on  the  slopes  of  the  hill- 
sides or  on  the  low  spurs  of  the  ridge  wherever  they  extend  far  from 
its  main  mass,  and  it  is  there  a  less  })rominent  geologic  featui-e  than 
it  is  in  the  countiy  south  of  Craighead  County.  In  this  hilly  countiy 
its  rclaticms  to  the  Tertiaiy  sands  and  gravels  are  such  that  in  most 
localities  the  loess  deposits  are  more  sandy  and  apparently  less  homo- 
geneous; the  quality  of  brick  that  may  be  made  from  this  soil,  while 
excellent,  will  not  be  so  fine  as  that  made  from  unmodified  loess. 

In  Memphis,  St.  Louis,  Des  Moines,  Council  Bluffs,  and  Ottumwa, 
Iowa;  Omaha,  Nebraska  City,  and  David  City,  Nebr.;  St.  Joseph, 
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and  Kansas  City,  Mo.,  and  other  cities  where  loess  soils  are  used  in 
brick  manufacture,  grinding  mills  are  employed  to  reduce  them  to 
the  finest  powder.  In  this  condition  they  are  fed  at  once  to  great 
dry-pressing  machines,  from  which  they  are  immediately  set  in  kilns. 
When  it  is  treated  thus,  or  in  a  similar  manner,  no  material  is  better 
suited  to  brick  manufacture.  The  processes  employed  in  brick  manu- 
facture must  be  varied  with  the  variation' in  the  nature  of  the  brick 
earth  used. 

SliOPE  SOIJLiS. 

At  all  points  along  the  ridge  country,  except  Helena,  the  reworked 
loess  is  commonly  employed  in  brick  manufacture.  It  occurs  on  the 
sides  and  at  the  foot  of  the  ridge.  The  soil  is  stripped  a  few  inches, 
to  remove  the  mass  of  vegetable  matter,  and  the  subsoil,  to  a  depth 
varying  from  1  to  5  feet,  is  used  for  brickmaking.  The  clay  is  thrown 
into  pits,  with  water,  and  allowed  to  stand  for  two  or  three  days  or 
a  week,  when  it  is  pugged.  It  is  then  molded  and  dried  in  the  usual 
manner. 

The  soils  and  clays  of  the  slopes  present  the  greatest  range  of  varia- 
tion in  character.  They  differ  greatly  within  short  distances,  at 
places  becoming  very  clayey,  at  others  sandy,  or  even  gravelly.  The 
variation  in  microscopic  appearance  is  due  to  the  relative  erosion, 
both  of  amount  and  rate,  to  which  the  various  strata  have  been  sub- 
jected. In  many  places,  as  at  Harrisburg,  in  Poinsett  County,  and 
at  Wynne,  in  Cross  County,  the  loess  soils  have  been  largely  removed 
by  erosion,  so  that  the  underlying  Tertiary  sands  have  been  exposed 
and  the  soils  of  the  slope  have  become  more  sandy  than  soils  of  the 
same  class  about  Forrest  City,  Marianna,  La  Grange,  and  Helena. 
The  characters  exhibited  appear  to  differ  locally,  also.  Where  the 
slope  is  rather  steep  the  clays  and  intermingled  sands  alike  are  eroded 
away,  having  been  carried  down  to  the  lower  lands  and  redeposited 
over  the  flat  country  as  a  thin  surface  soil  or  sandy  loam,  but  in 
situations  where  the  slope  is  less  marked  the  clays  alone  are  carried 
off,  while  the  sands  and  gravels  are  left  behind.  This  appears  to  be 
the  explanation  of  the  character  of  the  soils  along  all  that  portion 
of  the  ridge  country  or  slope  north  of  Jonesboro,  on  the  eastern  side 
of  the  ridge.  There  the  slope  of  the  ridge  is  gentle  and  the  conditions 
are  favorable  for  the  removal  of  the  clay.  But  on  the  west  slope  of 
the  ridge  from  Craighead  County  northward  to  the  Missouri  line  the 
slope  of  the  ridge  is  abrupt,  and  the  erosive  agents  carry  off  all  that 
is  movable,  whether  it  be  sand,  gravel,  or  clay.  These  are  again 
mixed  with  much  organic  matter  on  the  plains  below  and  immedi- 
ately adjoining  the  ridge,  which  modify  the  soil. 

From  these  slope  soils  are  manufactured  most  or  all  of  the  bricks 
produced  at  Paragould,  Gainesville,  and  Jonesboro.     CoiSkSssssv^Jcj  ^^^ 
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a  few  inches  of  the  surface  soils  arestripi>ed  off  and  used,  care  being 
taken  not  to  go  too  deep  into  the  subsoil,  which  is  too  stiff  to  mold 
well  with  the  processes  employed,  and  which  is,  besides,  but  little 
different  from  the  ordinary  limonitic  or  hardpan  clays  of  the  bottoms. 
This  soil  extends  out  from  the  ridge  toward  the  east,  surmounting 
the  low  divides  between  the  numerous  drainage  areas.  The  soils 
higher  up  in  the  hills  contain  more  loess  clay  and  less  limonite,  but 
coinmimly  more  sand. 

With  such  marked  differences  in  the  characters  of  the  slope  soils 
or  clay  at  localities  very  near  one  another,  it  is  not  surprising  that 
the  bricks  produced  exhibit  every  degree  of  color,  finish,  hardness, 
and  durability. 

CLAYS  AND  KAOUN^   OF  CHEMICAL  ORIGIX. 

It  has  been  stated  that  kaolin  was  derived  directly  by  decompo- 
sition of  feldspatliic  rocks.  Wliile  tliis  is  true  in  a  general  way,  all 
kaolin  is  not  made  in  this  way.  It  occurs  in  small  quantities  in 
regions  of  Paleozoic  rocks,  where  it  forms  tliin  bands  or  fills  small 
l)ockets.  In  these  places  it  seems  to  have  been  formed  by  chemical 
action.  It  is  true  that  kaolin  is  practically  insoluble,  but  certain 
forms  of  silica  are  equally  insoluble,  yet  these  very  forms  are  soluble 
under  certain  conditions  if  time  enough  is  allowed  for  solution.  The 
same  is  doubtless  true  of  kaolin,  otherwise  we  should  not  have  deposits 
which  are  far  removed  from  the  original  feldspathic  rocks  and  which 
can  be  explained  by  no  other  theory.  Either  kaolin  is  soluble  in 
some  substance  or  imder  certain  conditions  of  which  we  are  as  yet 
ignorant,  or  it  is  soluble  in  the  waters  that  usually  traverse  the  rocks 
when  i)lenty  of  time  is  allowed  for  reaction  to  take  place. 

In  any  case  the  kaolin  (newtonite)  found  in  small  pockets  in  the 
rocks  of  the  northern  part  of  the  State  was  not  deposited  as  a  sedi- 
ment as  were  the  shales  and  sandstones  and  limestones  of  that  region, 
nor  was  it  derived  by  decomposition  directly  from  feldspathic  rocks, 
but  it  is  a  secondary  deposit,  derived  by  chemical  action  from  the 
sedimentary  beds  above  and  about  it.^  The  same  is  true  of  rec- 
torite,  which  occurs  in  Garland  County. 

BAUXITE. 

The  pisolitic  clays  and  kaolins  associated  with  the  bauxites  of 
Arkansas,  in  so  far  as  their  origin  is  understood,  do  not  appear  to 
fall  under  any  of  the  foregoing  classes.  Their  composition  varies 
from  that  of  an  iron  ore  carrying  55  per  cent  of  metallic  iron  to  that 
of  a  true  kaolin  with  but  little  or  no  iron.  In  some  places  they  pass 
by  gradual  transition  into  true  bauxite — that  is,  a  hydrated  oxide  of 

a  See  Chapter  III  of  this  report,  p.  34. 
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alumina;  in  others  they  are  a  true  kaolin,  a  hydrous  silicate  of  alumina. 
In  Arkansas,  as  in  southern  France  and  in  Ireland,  where  similar 
deposits  occur,  they  are  associated  more  or  less  intimately  with 
eruptive  rocks.  They  occur  in  pockety  deposits  of  imcertain  dis- 
tribution, with  a  tendency  to  form  horizontal  lenticular  beds  varying 
greatly  in  thickness  as  well  as  in  character.  Their  origin  is  involved 
in  some  obscurity.^ 

a  The  most  comprehensive  report  on  Arkansas  bauxite  is  that  of  Dr.  G.  W.  Hajes,  published  in 
Twenty-first  Ann.  Rept.  U.  S.  Geol.  Survey,  1899-1900,  pt.  3,  pp.  441-472.  An  earlier  paper  by  J.  C. 
Branner  (Jour.  Geology,  vol.  5,  1897,  pp.  263-289)  contains  a  brief  bibliography  of  bauxite. 
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CHAPTER  III. 

GEOLOGIC  AGE  AND  GEOGRAPHIC  DISTRIBUTION  OF 

THE  CLAYS. 

CONDITIONS   GOVERNING  DISTRIBUTION. 

The  distribution  of  clays  depends  on  the  distribution  of  the  geo- 
logic formations  from  which  they  are  derived,  and  hence  on  geologic 
structure.  From  what  has  been  said  of  the  origin  of  clays  it  will  be 
seen  that  their  distribution  tlu'oughout  the  State  must  necessarily 
depend  on  the  State's  geologic  history,  or  the  manner  and  order  in 
which  the  rocks  have  been  made  and  unmade.  Where  we  have  the 
crystalline  rocks,  which  yield  kaolin  on  decay,  there  we  may  look  for 
kaolins,  and  in  order  to  look  intelligently  we  nmst  know  the  distri- 
bution of  those  particular  rocks.  The  clay  shales  We  can  expect  to 
find  only  in  association  with  the  Paleozoic  rocks,  and  as  they  are 
abundant  in  the  rocks  of  the  Carboniferous  system  we  must  ascertain 
the  distribution  of  the  rocks  of  that  age.  The  Tertiary  and  Creta- 
ceous clays  can  be  found  only  with  the  Tertiary  and  Cretaceous  rocksy 
and  in  searching  for  them  it  is  essential  to  know  the  areas  of  these 
rocks  in  the  State,  the  position  in  wliich  they  lie,  the  character  of  the 
various  beds,  and  the  places  the  cla3^s  occupy  in  the  series. 

These  instances  are  cited  for  the  purpose  of  showing  how  indis- 
j)ensable  to  an  intelligent  search  for  clays  is  a  knowledge  of  geologic 
structure  and  the  areal  distribution  of  the  various  geologic  forma- 
tions. A  geologic  map  of  the  State  (PI.  I)  is  inserted  in  this  report 
for  the  purpose  of  furnishing  this  information. 

PALEOZOIC   CLAYS   AND   SHALES. 

The  clays  of  the  Paleozoic  areas  of  the  State  consist  of  shales  of 
Paleozoic  age  found  in  place,  and  of  alluvial  or  other  clays  of  recent 
age  spread  over  the  lowlands.  The  clays  of  the  latter  class  are 
derived  indirectly  from  the  Paleozoic  rocks  of  the  surrounding  regions 
and  may  form  brick  earths  or  pottery  clays. 

When  clays  are  subjected  to  a  great  pressure  for  a  long  time  they 
become  hard  and  stonelike,  forming  what  are  known  as  shales  and 
slates.  Nearly  all  of  the  clays  of  Paleozoic  age  have  been  crushed 
under  pressure  so  great  and  for  so  long  a  time  that  they  have  become 
thus  hardened  into  shales. 

The  clay  shales  which  w^ere  derived  from  the  wear  and  decay  of  other 
rocks  were  original^  deposited  in  horizontal  beds  in  the  water  of  the 
34 
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ocean  or  of  bays  and  swamps,  and  if  they  are  now  thrown  into  folds, 
raised  into  mountains  thousands  of  feet  above  the  ocean,  and  hard- 
ened into  stone,  it  is  only  because  they  have  been  crushed  till  they 
are  hard,  pressed  laterally  into  folds,  and  elevated  imtil  they  stand 
high  above  their  original  positions.  Subaerial  erosion  has  subse- 
quently removed  much  accompanying  and  surroimding  material,  and 
in  places  these  shales  have  weathered  into  residuary  clays,  such  as 
have  been  described  on  page  20. 

The  clays  of  the  Paleozoic  regions  have  values  peculiarly  tneir 
own,  for  while  the  clays  of  the  Tertiary  area  of  the  State  are  especially 
well  adapted  to  the  manufacture  of  pottery,  those  of  the  Paleozoic 
regions  are  largely  adapted  to  the  production  of  fire  bricks,  sewer 
pipes,  and  paving  bricks. 

The  Paleozoic  rocks  have  furnished  the  greater  part  of  the  refrac- 
tory material  of  the  world.  These  clay  and  clay  shales  do  not  as  a 
rule  possess  as  high  refractory  properties  as  bauxite,  steatite,  graph- 
ite, or  magnesite,  but  the  latter  are  much  less  abundant  and  are  for 
this  reason  much  more  expensive,  while  articles  made  from  clays  and 
shales  are  sufficiently  refractory  for  most  of  the  common  uses  for 
which  refractory  materials  are  employed,  and  the  abundance  and 
cheapness  of  such  clays  insure  for  them  a  constant  and  ever-increasing 
demand.  In  the  United  States  the  clays  and  clay  shales  of  the 
Carboniferous  rocks  are  extensively  used  for  certain  manufacturing 
purposes,  while  raw  clays  are  shipped  to  points  all  over  the  coimtry 
to  be  used  for  the  manufacture  of  retorts  and  furnace  linings  of 
special  forms. 

The  various  zinc-smelting  works  in  the  United  States  make  their 
own  retorts,  and  the  clays  used  for  this  purpose  are  brought  to  the 
reduction  works  from  well-known  Paleozoic  beds.  And  it  should  not 
be  forgotten  in  this  discussion  of  the  character  and  distribution  and 
uses  of  the  clays  of  this  class  that  their  value,  other  things  being 
equal,  is  determined  by  their  proximity  to  manufacturing  centers  and 
to  competing  lines  of  railway  transportation.  These  important  factors 
have  built  up  the  fire-clay  industries  of  St.  Louis  and  Cheltenham. 

The  St.  Louis,  Iron  Mountain  and  Southern  Railway  extends  along 
the  eastern  edge  of  the  Paleozoic  area  of  Arkansas  north  of  Arka- 
delphia.  The  southern  border  of  the  Paleozoic  runs  nearly  due  west 
from  a  point  on  Ouachita  River  a  few  miles  north  of  Arkadelphia. 

Within  this  Paleozoic  area  the  clays  and  clay  shales  are  unevenly 
distributed.  In  the  Ordovician  region,  lying  north  of  the  Boston 
Mountains,  shales  and  clays  of  value  are  much  less  abundant  than 
they  are  in  the  Boston  Mountains  and  in  the  Carboniferous  rocks 
farther  south.  Again,  in  the  Silurian  region  of  the  great  Ouachita 
anticline,  running  from  near  Little  Rock  to  the  Indian  Territory 
line,  in  Polk  County,  there  are  many  mountwBa  oi  XLO^^^sva&Nib  *\si. 
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which  there  are  but  few  vahiable  beds  of  shale.  In  the  great  river 
bottoms  of  the  ^Vrkansas  there  are  large  tracts  covered  by  river  silts 
that  are  not  available  for  the  manufacture  even  of  the  most  ordinary 
])uil(ling  bricks.  However,  there  is  not  a  single  county  in  the  entire 
Paleozoic  area  in  w^hich  fairly  good  brick  clays  may  not  be  found. 

CRETACEOUS  AND  TERTIARY  CLAYS. 

It  is  only  for  the  sake  of  convenience*  in  presentation  that  the  Cre- 
taceous and  Tertiary  clays  of  the  State  are  here  treated  in  the  same 
chapter.  A  glance  at  the  geologic  map  of  Arkansas  accompanying 
this  report  (PI.  I)  shows  that  rocks  of  Cretaceous  age  outcrop  over  a 
relatively  small  part  of  the  State.**  They  are  found  in  only  about 
seven  counties. 

During  Tertiary  time,  a  period  not  far  removed  from  the  present, 
geologically,  a  large  part  of  the  State  of  Arkansas  was  covered  by 
the  ocean.  The  western  shore  of  the  Tertiary  sea  entered  the  State 
on  the  southw^est  somewhere  in  the  vicinity  of  I'ltima  Thule,  and 
passed  into  Missouri  near  the  line  between  Clay  and  Fulton  coun- 
ties. The  western  margin  of  the  Tertiary,  as  shown  on  the  geo- 
logic map  (PL  I),  marks  approximately  the  old  shore  line.  With  the 
northern  limits  of  this  sea  we  are  not  now  concerned,  but  on  the  east 
it  extended  nearly  to  Tennessee  River,  covering  all  of  eastern  Arkan- 
sas, while  almost  all  the  State  of  Mississippi  lay  beneath  its  waters. 

All  waters  that  flowed  into  this  Tertiary  sea  carried  down  great 
(juantities  of  sands  and  clays,  just  as  to-day  sands  and  clays  are 
being  carried  out  into  the  Gulf  of  Mexico  ])y  the  Mississippi  and  bv 
all  the  surface  waters  that  flow  into  it.  This  material  was  spread 
out  over  the  floor  of  the  sea  in  beds  as  nearly  horizontal  as  the  nature 
of  the  bottom  and  the  currents  would  permit,  and  with  them  were 
mingled  the  shells  and  bones  of  animals  that  lived  and  died  in  the 
water  and  the  leaves  and  stems  of  plants  that  w'ere  floated  out  by 
the  streams.  Later  the  land  w^as  elevated  until  tlie  silt  of  that  ancient 
sea  ])ottom  now  stands  375  feet  (at  Little  Rock)  above  the  present 
ocean's  level. 

During  this  depression  of  the  land  the  Tertiary  clay  beds  of  the 
State  were  deposited,  and  the  conditions  imder  which  these  beds 
were  formed  satisfactorily  account  for  their  characters,  their  distri- 
bution, and  their  included  fossils. 

Should  we  go  back  a  little  further  in  gcnJogic  time  we  should  be 
abl(»  to  account  also  for  the  clay  bcnls  of  the  Cretaceous  region  iii 
the  southwestern  comer  of  the  State.  The  conditions  under  which 
they  were  deposited  differed  but  Uttl(»,  from  tliose  under  which  the 
Tertiary  clays  were  formed.     Neither  the  Cretac^eous  nor  the  Tertiary 

a  Tho  Cretawous  goology  of  the  St«tc  has  licen  doscribod  by  Prof.  R.  T.  IIIU  in  Ann.  Rept.  Q«oL 
Survey  Arkansas  for  1888,  vol.  2. 
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clays  are  hard,  but  neither  are  they  geologically  very  old,  nor  have 
they  been  subjected  to  that  great  pressure  that  has  so  often  affected 
the  older  clay  beds  of  the  earth's  crust,  many  of  which  now  form 
shales  and  slates. 

The  Tertiary  geology  of  Arkansas  south  of  Arkansas  River  has 
been  described  in  detail  by  Prof.  Gilbert  D.  Harris,^  and  the  Ter- 
tiary and  later  beds  ot  the  Crowleys  Ridge  region  of  northeastern 
Arkansas  by  Dr.  R.  E.  Call.''  The  present  report  does  not  under- 
take to  deal  with  questions  of  stratigraphy  within  the  Cretaceous, 
Tertiary,  and  Quaternary  areas,  except  in  so  far  as  they  relate  to 
the  details  of  the  clay  deposits. 

The  general  geology  of  the  Cretaceous  and  Tertiary  portions  of 
the  State  should  be  fairly  well  understood  by  those  who  have  to 
deal  with  the  clays  that  occur  in  those  formations.  The  Cretaceous 
beds  are  older  than  those  of  Tertiary  age,  which  they  imderlie. 
They  are  exposed  in  the  coimties  west  of  Arkadelphia,  namely,  in 
Clark,  Nevada,  Pike,  Hempstead,  Howard,  Sevier,  and  Little  River. 
Everywhere  in  this  region  they  slope  gently  toward  the  southeast. 

Feet 


Fig.  5.— Section  at  Arkadelphia,  Ark.,  extending  from  a  point  near  the  Baptist  school  southward  to 
the  Iron  Mountain  Railway,    a,  h,  Sands;  c,  c',  Arkadelphia  shale;  d,  clay;  e,  gravel. 

They  are  made  up  of  beds  of  chalk,  marl,  gypsimi,  sandstone,  and 
oXd^y.  The  clays  of  this  group,  however,  are  of  comparatively  small 
importance.  The  only  extensive  beds  noted  are  the  blue  clays  ex- 
posed near  the  railway  in  the  south  side  of  the  town  of  Arkadel- 
phia. These  clays  were  originally  called  the  Arkadelphia  shale  by 
Prof.  R.  T.  Hill  and  were  believed  by  him  to  belong  to  the  Tertiary.*^ 
Later,  however,  Prof.  G.  D.  Harris  foimd  that  they  belong  to  the 
Cretaceous.*^ 

It  is  not  known  that  the  Arkadelphia  shale  has  any  economic 
value.  It  is  usually  so  interbedded  with  thin  laminsB  of  sand  that 
it  can  not  be  used  for  the  manufacture  of  pottery,  but  probably  this 
same  bed  may  elsewhere  be  suitable  for  the  manufacture  of  pottery 
or  available  as  fuller's  earth.  This  shale  bed  is  exposed  at  several 
places  about  the  town  of  Arkadelphia  and  also  on  the  upper  part  of 
Big  Deciper  Bluff  5  miles  southwest  of  the  town.  The  yellow 
sandy  clay  overlying  the  chalky  marl  on  the  Wright  place,  on  Little 

a  Ann.  Rept.  Geol.  Survey  Arkansas  fqr  1892,  vol.  2. 
6  Ann.  Rept.  Geol.  Survey  Arkansas  for  1889,  vol.  2. 
c  Ann.  Rept.  Geol.  Survey  Arkansas  for  1888,  vol.  2. 
dAnn.  Rept.  Geol.  Survey  Arkansas  for  1892,  vol.2,'^^.WSSi. 
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Dociper  Creek,  seems  to  he  the  same  shale  heel.  Professor  Harris 
has  identified  the  Arkadelphia  hlue  shale  again  on  Mine  Creek,  near 
the  old  town  of  Nashville,  where  it  is  4  feet  thick.** 

Within  the  Cretaceous  area  there  are  large  areas  covered  with 
buckshot  clays.  These  clays  are  not  of  Cretaceous  age,  but  are  much 
newer — Pleistocene  and  Recent — an<l  are  made  of  the  residue  of  any 
day-bearing  strata  that  may  be  at  hand  after  the  decomposition  of 
the  underlying  rocks.  In  the  low,  flat  lands,  commonly  known  as 
^^slashes,^^  thin  beds  of  plastic  clays  are  foun<l  at  places  where  acidu- 
lated waters  have  leache<l  the  iron  from  the  soil.  Some  small  pot- 
teries get  their  clays  from  such  places.  The  supply  of  available  clays 
of  this  kind  is  uncertain,  an<l  most  of  the  areas  covered  by  them  are 
small.  Such  clan's  occur  in  the  flat  lands  of  the  Cretaceous,  Ter- 
tiary, and  Quaternary  areas  of  the  State,  which,  however,  are  not 
alluvial  lands,  properly  speaking. 

Reference  has  been  made  to  the  waterwom  materials  that  occur 
in  the  Tertiary  region  of  southern  Arkansas.  This  material  is  at 
some  places  extremely  coarse,  made  up  of  cobbles  the  size  of  a  man's 
head  or  even  larger,  and  at  others  consists  of  pebbles  no  laiger  than 
a  hickoiy  nut.  This  gravel  spreads  over  and  obscures  the  outcrops 
of  the  Tertiarj^  beds  throughout  the  region,  and  is  especially  thick 
along  the  foothills  on  the  northwestern  margin  of  the  Tertiary  expo- 
sures. In  thickness  the  deposit  varies  greatly,  being  in  one  place 
only  a  few  inches  and  in  another  from  25  to  40  feet  thick.  In  some 
places  it  has  a  tendency  to  accumulate  in  depressions;  in  others  it 
is  found  in  considerable  quantity  only  on  the  hilltops.  Inasmuch  as 
the  j)resence  of  this  waterw^orn  material  often  interferes  not  a  little 
witli  prospecting  for  potteiy  clays  these  peculiarities  of  its  distribu- 
tion sliould  be  kept  in  mind  by  prospectors  and  clay  miners. 

Tlie  presence  in  the  pottery  clays  of  leaf  impressions  has  been 
mentioned.  A  small  collection  of  these  was  made  and  sent  to  Lester 
F.  Ward,  of  the  United  States  Geological  Surv^ey,  for  the  purpose 
of  ascertaining  whether  the}^  tlirew  any  light  upon  tlie  geologic  age 
of  these  clays.  Professor  Ward's  conclusions  on  this  subject  aro 
that  the  beds  are  probably  lower  Tertiaiy,  but  he  says  that  the 
specimens  from  the  Ilendei-son  clay  pit,  nortli  of  Benton,  Saline 
County,  '4iave  a  very  curious  and  suggestive  resemblance  to  some 
of  tlie  Amboy  clay  leaves,  and  I  strongly  suspect  that  you  have 
gotten  into  the  Cretaceous." 

It  is  interesting  to  know  that  the  fossil  leaf  impressions  from 
these  clays  are  probably  all  of  new  species,  but  the  fact  that  they 
are  new,  as  Professor  Ward  remarks,  decn^ases  their  diagnostic  value 
in  determining  the  age  of  the  deposits.  The  age  of  the  pottery 
clays  could  not  therefore,  without  more  collecting  at  least,  be  decided 

o  Ann.  Kept.  Gcol.  Survey  Arkansas  for  1SU2,  vol.  2,  pp.  20-21. 
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by  the  fossil  plants  peculiar  to  the  beds  themselves.  Marine  fossils 
of  Eocene  age  have  been  found  east  of  the  outcrops  of  the  clays, 
however,  at  Warren,  in  Bradley  County;  at  Monticello,  in  Drew 
County;  at  Rison,  Kingsland,  and  about  New  Edinburgh,  in  Cleve- 
land County;  and  at  White  and  Red  Bluffs,  on  Arkansas  River,  in 
Jefferson  County.  The  pottery  clay  beds  of  Saline  and  Hot  Spring 
counties  seem  to  dip  beneath  the  fossil-bearing  beds  mentioned 
above,  and  must  therefore  be  not  later  than  Eocene.  For  these 
reasons  these  beds  are  spoken  of  in  this  respect  as  being  of  Ter- 
tiary age. 

With  this  understanding  of  the  general  characters,  age,  and  origin 
of  the  common  Tertiary  pottery  clays  of  the  State  we  may  take  up 
the  details  of  their  occurrence. 

The  Tertiary  clays  are  the  most  important  in  the  State  of  ArKansas. 
As  already  stated,  they,  with  their  accompanying  sands,  marls,  and 
organic  deposits,  underlie  a  large  part  of  the  State  east*  and  south 
of  the  St.  Louis,  Iron  Mountain  and  Southern  Railway  south  of 
Arkansas  River.  North  of  this  and  east  of  the  Paleozoic  hills  the 
sediments  are  chiefly  Quaternary  deposits,  except  Crowleys  Ridge, 
the  lowest  part  of  which  is  Tertiary.  Most  of  the  beds  of  this  series 
were  laid  down  in  the  sea  when  it  extended  over  all  of  southern  and 
eastern  Arkansas  and  as  far  north  as  the  mouth  of  Ohio  River.  The 
sediments  that  were  washed  into  this  Tertiary  sea  sloped  gently 
toward  the  middle  of  the  gulf,  and  the  hardened  beds  they  formed, 
now  lifted  above  sea  level,  still  retain  that  slope.  During  Tertiary 
time  the  land  must  have  risen  from  beneath  the  water  more  than 
once,  for  we  have  at  many  places  beds  of  lignite  that  could  be  formed 
only  as  swamp  deposits.  After  the  lignites  had  been  formed  the 
land  was  again  depressed  and  covered  by  the  sea  and  the  accumu- 
lation of  sediments  continued.  Everywhere  over  the  area  those 
sediments  were  laid  down  in  beds  that  were  approximately  horizon- 
tal but  dipped  gently  seaward.  After  the  final  elevation  of  these 
beds  above  the  sea,  the  streams  carved  out  our  present  topography 
in  the  uppermost  of  the  Tertiary  beds. 

From  this  brief  sketch  it  will  be  seen  that  the  sediments  laid 
down  during  Tertiary  time  vary  from  place  to  place  in  thickness  and 
in  character,  just  as  any  marine  sediments  of  the  present  time  vary. 
Some  of  the  beds  are  clays  and  some  of  them  are  sands  and  gravels. 
The  fresh-water  or  land  deposits  also  vary,  just  as  such  deposits 
vary  at  the  present  time. 

The  fire  clays  of  the  Crowleys  Ridge  region  are  everywhere  asso- 
ciated with  beds  of  Tertiary  lignites,  which  outcrop  in  the  basins 
of  several  of  the  larger  streams.  Lignites  and  fire  clays  occur  in 
the  NE.  I  NE.  i  sec.  26,  T.  4  N.,  R.  4  E.;  NW.  J  SW.  J  sec.  8,  T. 
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11  N.,  R.  4  E.;  NE.  }  NE.  J  sec.  20,  T.  10  N.,  R.  4  E.;  sec.  30,  T. 
16  N.,  R.  6  E.;  and  in  sec.  36,  T.  19  N.,  R.  6  E. 

At  each  of  these  localities  the  fire  clays  underlie  the  lignite  beds, 
and  from  this  relation  it  is  fair  to  infer  that  similar  clays  occur  under 
all  the  lignite  beds  in  this  area.  No  attempts  have  been  made  to 
use  these  clays  for  making  fire  bricks  or  tiles. 

In  the  first-named  section,  which  is  in  St.  Francis  County  near 
the  Lee  County  line,  on  the  east  side  of  Crowleys  Ridge,  the  exposure 
is  well  up  in  the  hillside,  facing  a  small  ravine  tributary  to  St.  Francis 
River.  The  clay  is  from  3  to  4  feet  thick,  but  is  difficult  of  access 
and  extensive  stripping  will  be  required  to  mine  it,  or  if  a  drift  be 
ma<le  into  the  hillside  it  will  require  timbering.  This  clay  is  light 
drab  in  color  when  wet,  but  it  dries  to  white  or  nearly  white. 

The  association  of  lignite  and  fire  clays  serves  to  explain  the  light 
color  of  the  clays.  Around  all  the  lignite  deposits  in  the  Crowleys 
Ridge  region  there  are  extensive  beds  of  blue  or  black  clays,  con- 
taining selenite  crystals,  wliich  pass  into  these  light-colored  clays  by 
hardly  perceptible  gradations.  Some  masses  of  lignite  detached 
from  great  beds  near  at  hand  are  imbedded  in  the  horizontally  strata 
ified  blue  clays  that  overlie  the  lignite  beds.  The  clays  in  contact 
with  these  masses  are  lighter  colored,  some  of  them  almost  white, 
having  apparently  been  bleached  by  the  action  of  the  organic  matter 
of  the  lignite.  The  lighter  color  of  the  underlying  fire  clays  is  due 
to  the  same  processes.  Organic  matter  that  finds  access  to  clays 
an<l  soils  acts  as  a  powerful  discoloring  agent;  from  black  or  blue 
or  even  red  they  may  be  changed  to  drab  or  white.  This  phenom- 
enon is  well  illustrated  ahmg  Copperas  Creek  in  Cross  County,  near 
La  Vesque,  at  the  base  of  the  great  section  there  exposed,  and  also 
along  the  base  of  the  Cherrj'  Valley  se(5ti(m,  where  the  organic  matter 
is  in  the  form  of  leaves  and  other  vegetable  detritus.  In  Qreene 
County,  in  sec.  35,  T.  19  N.,  R.  5  E.,  and  along  the  clay  bottoms  of 
Bolivar  Creek,  at  the  point  where  the  lignite  forms  the  base  of  the 
cliff  in  sec.  8,  T.  11  N.,  R.  4  E.,  similar  pliononiena  are  to  be  seen. 

At  the  Cherry  Valley  locality  the  hgnite  outcrops  on  the  surface  of 
the  ground,  and  not  far  away  from  it  is  an  outcrop  of  the  underlying 
fire  clay.  This  clay  forms  the  bed  of  Bolivar  Creek  for  a  distance 
of  half  a  mile  or  more,  passing  imder  it  and  into  tlie  high  bluffs 
tliat  face  it.  A  local  dip  of  tliis  bed  carries  it  under  the  bed  of  lignite 
that  outcrops  in  the  bottom  of  Bolivar  Creek  a  half  mile  or  more  to 
the  west.  At  the  locality  of  best  exj>()sure  it  passes  northward 
under  a  cultivated  field  and  doubtless  extends  entirely  beneath  it. 
A  quarter  of  a  mile  farther  east  it  again  appeal's  in  a  tliin  bed  higher 
up  in  the  hillsides,  and  finally  disappears  under  a  heavy  talus  derived 
from  the  adjacent  hills. 
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At  the  point  of  the  section  where  the  lignite  is  exposed  in  its 
greatest  thickness  3  or  more  feet  of  this  clay  appear  in  the  hillside 
facing  the  stream.  It  is  chocolate  brown  when  wet,  its  color  being 
due  to  the  presence  of  minute  particles  of  finely  divided  lignite,  for 
there  is  no  other  coloring  matter  present. 

The  third  locality  is  on  a  small  stream  known  as  Otter  Creek,  1 J 
miles  northwest  of  Bay  Village.  The  drab  fire  clay  is  about  2  feet 
thick  on  the  immediate  bank  of  the  stream.  The  clay  extends  over 
much  of  the  surrounding  region  and  is  of  comparatively  easy  access. 
It  has  been  put  to  no  use  thus  far. 

The  fourth  locality  is  in  Greene  County,  on  the  banks  of  Beech 
Creek,  where  the  fire  clays  are  indurated  into  a  soft  light-drab  shale 
with  conchoidal  fracture.  It  passes  under  a  cultivated  field  near  the 
stream  to  the  west  and  disappears  in  the  high  hills  that  border  the 
creek  on  the  east. 

Above  the  clays  in  this  Beech  Creek  section  lie  indurated  and 
quartzitic  Tertiary  sandstones.  If  these  deposits  are  ever  deemed 
of  sufficient  importance  to  work,  they  can  be  ground  so  that  they 
may  be  used.  The  outcrop  extends  for  a  long  distance  up  the  stream, 
and  there  is  no  doubt  that  these  clays  underlie  all  the  country 
immediately  adjoining. 

Another  locality  in  Greene  County  where  fire  clays  occur  is  south- 
west of  the  place  last  mentioned,  in  sec.  10,  T.  17  N.,  R.  4  E.  An 
analysis  of  this  clay  was  made  at  the  St.  Louis  Sampling  and  Testing 
Works  and  is  reported  as  follows: 

Analysis  of  clay  from  Greene  County. 

Moisture 17. 64 

Combined  water  and  organic  matter 6. 63 

Silica  (SiOj) 70.43 

Alumina  (ALjOg) 19. 15 

Lime(CaO) 52 

Magnesia  (MgO) Trace. 

Iron 1.70 

AlkaUes L  84 


100.27 

The  clay  at  this  place  outcrops  on  the  side  of  a  hill,  in  a  ravine  near 
its  base,  and  may  be  connected  directly  with  that  found  at  the 
Lovelady  place,  in  sec.  30,  T.  18  N.,  R.  5  E.  It  could  be  employed 
in  the  manufacture  of  fire  bricks  of  ordinary  "grades,  as  weU  as  for 
sewer  pipes,  tile  work,  and  similar  uses. 

In  sec.  30,  T.  19  N.,  R.  6  E.,  there  is  a  deposit  of  fire  clay  in  the 
bank  of  a  small  stream.  Probably  the  same  bed  is  reached  in  a  well 
in  the  Cache  bottoms,  li  miles  farther  southwest.  These  beds 
appear  to  be  related  to  those  on  Beech  Creek  near  Lovelady.    '^V^sb^ 
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are  of  drab  color  and  are  exposed  in  the  stream  to  a  thickness  of  5 
feet  or  more. 

No  pottery  clays  are  known  in  the  Crowleys  Ridge  region.  It  is 
probable,  however,  that  local  <leposita  may  be  found  in  some  of  the 
low  grounds  of  the  slashes  of  the  region. 

Throughout  the  Crowleys  Ridge  country,  wherever  erosion  has  gone 
deep  enough  to  reach  the  cross-bedded  Tertiary  sands,  it  has  exposed 
numerous  thin  undulating  strata  of  bright-red,  pink,  purple,  grsx, 
white,  or  yellow  ochers.  In  certaiil  localities,  as  in  the  Prussian 
Jewish  O^metcrj'^  at  Helena;  at  Double  Head  Bluff,  in  St.  Francis 
County;  at  Wittsburg,  on  Wolf  Creek,  in  Poinsett  County;  at  Gaines- 
ville, in  Greene  County,  and  at  Chalk  Bluffs,  in  Clay  County,  these 
clays  are  found  in  abundance.  Commonly,  however,  they  are  much 
intermixed  with  sands  and  are  verj'-  patchy  in  their  occurrence. 

Tlie  only  uses  to  which  they  are  known  to  have  been  put  are  for 
painting  outbuildings  and  fences  and  in  dyeing  cloth.  Since  they  are 
so  local  in  occurrence  and  are  conunonly  foimd  in  small  quantities 
they  are  not  believed  to  possess  any  economic  value. 

Analysis  of  pink  clay  from  (roineHvillr,  (ireme  Cminty. 
ISpwinii'ii  (Irit'd  ut  1  lo*»-l  !.'>•  ('.    Hrackt'lt  ^  Hiiilth,  analyst*.] 

Silica  (SiOa) 71.17 

Alumina  (ALjC),,) 18. 44 

Ferric  oxide  (FegOa) 2, 77 

Lime  (CaO) 26 

Magnefiia  (^IgO) 44 

Alkiiliefl,  by  difference 90 

1j<)8s  <»n  ignition 6. 03 

100.00 

Air-dried  sand  in  airnlried  clay 14. 62 

In  the  roadway  on  the  west  edge  of  the  village  of  Gainesville  several 
feet  of  tliis  clay  outcr()j)s  in  pockets.  There  Ls  no  continuous  deposit 
of  it  in  the  immediate  vicinity  of  the  village,  though  one  occurs  in 
deep  washes  near  the  roadway  in  sec.  »S2,  T.  18  N.,  R.  5  E.  In  this 
locality  the  pink  pipe  clay  occurs  in  beds  that  range  in  thickness 
^rom  4  to  15  inches  and  are  separated  l)y  cross-bedded  white  sands. 

At  Wittsburg  there  is  another  deposit  of  pipe  clay  which  is  charac- 
teristically patchy  and  wanting  in  continuity.  In  the  west  edge  of 
tlie  village,  in  a  gulley  crossed  by  the  roadway  leading  to  Wynne, 
there  are  beds  of  pipe  clay  that  are.  in  places  as  much  as  3  feet  thick. 
In  color  they  range  from  white  to  de(»p  red,  through  drab,  yellow,  and 
pink.  A  sample  of  the  red  and  pink  clay  of  this  locality  was  analyzed 
with  the  following  results: 
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Analysis  of  pink  clay  from  Wittsburg. 
[Specimen  dried  at  110'-116»  C.    R.  N.  Brackett,  analyst.] 

SiUca  (SiOj) 69. 55 

Alumina  (Alfi^) 15. 20 

Iron  oxide  (FejOj) 8. 10 

Lime  (CaO) 58 

Magnesia  (MgO) 97 

Potash  (KjO) 52 

Soda  (Na^O) 50 

Phosphoric  acid  (PjOb) 20 

Loss  on  ignition •l 5.  72 

101.34 

Water  at  110°-115°  C 2. 24 

Air-dried  fine  white  sand 25. 48 

QUATERNARY  CLAYS. 

The  Quaternary  det)osits  of  Arkansas  occupy  a  large  area  east  and 
south  of  the  Paleozoic  group.  South  of  Arkansas  River  these  depos- 
its, except  along  the  larger  streams,  are  comparatively  thin,  and 
between  them  lie  many  outcrops  of  the  underlying  Tertiary  and  Creta- 
ceous sediments.  North  of  Arkansas  River  the  Quaternary  deposits 
are  much  thicker.  In  all  the  flat  country  of  northeastern  Arkansas 
Quaternary  deposits  completely  cover  all  the  older  formations.  Ter- 
tiary rocks  outcrop  along  the  base  and  sides  of  Crowleys  Ridge. 

Crowleys  Ridge  enters  the  State  in  Clay  County  and  runs  due 
south  to  Helena,  in  Phillips  County.  The  country  traversed  by  this 
ridge  is  low  and,  from  a  geologic  point  of  view,  somewhat  monoto- 
nous. Its  ^ology  as  related  to  the  clays  and  clay  industries  can  be 
presented  most  conveniently  by  a  brief  statement  of  the  geologic 
features  of  Crowleys  Ridge  itself. 

The  Quaternary  clays  of  the  Crowleys  Ridge  region  are  either  (1) 
loess  or  ridge  clays,  or  (2)  ridge-land  clays,  found  west  of  Crowleys 
Ridge. 

The  first  of  these  soil  and  clay  groups  is  foimd  mainly  on  the 
higher  portions  of  Crowleys  Ridge.  The  second  occurs  only  on  the 
more  elevated  portions  of  the  low  country,  but  its  chemistry  and 
distribution  present  certain  peculiar  and  interesting  facts  that  call 
for  its  separation  from  the  soils  of  the  lowlands  proper. 

From  Helena  nearly  to  Jonesboro  the  loess  is  the  characteristic 
soil  of  the  higher  portions  of  Crowleys  Ridge.  At  some  places  where 
ravines  are  eroded  along  the  eastern  margin  of  the  ridge,  at  right 
angles  to  its  trend,  this  material  forms  precipitous  walls,  the  bot- 
toms of  which  rest  on  gravels  and  sands.  In  other  localities  loess 
soils  overspread  the  slopes  of  the  hills  to  varying  depths.  These 
redeposited  loess  soils  are  not  so  homogeneous  as  the  undisturbed 
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portions  of  the  loess,  for  they  contain  more  or  less  gravel  and  sand, 
(lerive<l  from  the  neighl)oring  hills. 

The  limonitic  buckshot  lands,  as  has  already  been  stated,  are 
widely  distributed,  for,  owinfi:  to  the  method  of  their  formation,  they 
are  liable  to  be  made  wherever  the  conditions  indicated  exist.  There- 
fore tlie  buckshot  are  not  confined  to  clays  of  any  particular  age. 
Tlie  conditions  most  favorable  for  their  formation,  however,  as  might 
])e  (expected,  have  existed  and  still  exist  in  the  widespread  flat  Ter- 
tiary and  post-Tertiary  portions  of  the  State,  and  in  the  hardpan 
of  tlie  prairie  region. 

Tlie  region  between  Crowleys  Ridge  and  White  River  is  diversified 
witli  prairie  and  wooded  lowlands  and  traversed  by  low  ridges  which 
have  a  general  north-south  trend  parallel  to  the  drainage  lines. 
Tliough  they  stand  only  from  5  to  15  feet  above  the  general  level, 
tlicy  nevertheless  constitute  a  remarkable  topographic  feature.  On 
tIios(»  ridges  several  towns  and  villages  are  located— Surrounded  HiD, 
Brinkley,  Wheatlc}^,  and  Palestine,  for  example. 

The  geology  of  these  low  divides  is  not  positively  made  out.  The 
soils  w^hich  usually  cap  them  are  entirely  different  from  those  which 
form  the  surface  of  the  distinctively  prairie  region.  It  is  conunonly 
a  yellowqsh-browai  loam  resembling  the  loess  soils  of  Crowleys  Ridge, 
but  it  is  not  an  alluvium.  Beneath  it  are  the  buckshot  clays,  as  is 
shown  in  well  sections.  Extensive  deposits  of  this  loam  occur  in 
portions  of  sees.  10,  11,  14,  15,  and  22,  T.  3  N.,  R.  2  W.  The  ridge 
oxt(Mi(ls  away  tow^ard  Clarendon,  but  disappears  in  the  pine  flats  a 
f(^w  miles  south. 

Tlu»  buckshot  clays  cover  nearly  all  the  country  contiguous  to  and 
west  of  Crowleys  llidge.  They  also  JForm  a  narrow  belt  along  the 
eastoin  edge  of  the  ridge  south  of  Poinsett  County;  but  this  eastern 
belt  entirc^l}^  disappears  at  places  in  the  southern  portion  of  the  ridge. 
TIk^so  clays  have  been  noted  at  but  few  places  in  the  coimtry  east  of 
St.  Francis  River,  w^here  the  lands  are  composed  mainly  of  alluvium, 
and  are  in  great  part  subject  to  periodic  overflows.  In  the  region 
west  of  the  ridge  these  clays  constitute  nil  the  second  bottoms 
along  L'Anguille,  Cache,  and  Wliite  rivers,  and  at  many  places  along 
those  streauLs  they  appear  from  beneath  the  alluvium.  This  state- 
ment liolds  also  for  the  Wliite  River  region  south  of  the  Bald  !Knob 
and  Memphis  branch  of  the  Iron  Mountain  and  Southern  Railway. 
The  entire  prairie  region  of  St.  Francis,  Cross,  and  Poinsett  counties 
is  underlain  by  tliis  soil.  Farther  west,  in  Woodruff,  Monroe,  Prairie, 
and  Lonoke  counties,  it  is  commonly  observed  either  in  the  washes 
on  the  prairies  or  in  the  ** post-oak  slashes"  of  that  region,  and  is 
penetrated  in  all  well  sections.  All  the  post-oak  regions  of  the  Crow- 
leys Ridge  area  are  characterized  by  soil  of  this  sort.  In  some  local- 
ities, as  at  FoiTest  City,  Marianna,  Jonesboro,  and  Paragould,  it 
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ascends  the  slopes  of  the  hills  a  number  of  feet  (at  some  places  as 
much  as  40  feet)  above  the  general  level  of  the  surrounding  region. 
It  occurs  also  in  occasional  small  basins  at  the  very  top  of  the  ridge, 
but  is  there  mixed  with  loess  and  is  not  so  sandy  as  it  is  in  the  low- 
lands. In  many  localities  in  the  Cache  and  L'Anguille  bottoms  it 
rises  to  the  surface  and  forms  the  soil  over  extensive  areas. 

The  buckshot  clay  is  commonly  a  light-gray  sandy  clay,  nearly 
impervious  to  water,  containing  an  abundance  of  small  nodules  of 
limonite.  There  are  usually  several  thousand  of  these  little  nodules 
to  the  cubic  foot  of  earth.  At  many  localities  the  clay  is  removed 
from  the  soil,  or  it  never  was  present,  so  that  the  soil  now  consists  of 
only  the  coarser  sands  and  the  limonite.  These  nodules  lie  in  count- 
less thousands  on  the  surface,  giving  a  characteristic  lumpy  surface 
to  the  soil,  which,  where  they  so  occur,  is  too  poor  to  support  even  a 
scanty  vegetation.  Along  the  borders  of  some  streams  and  ravines 
the  nodules  have  weathered  out  to  form  layers  a  foot  or  more  in 
thickness,  notably  at  the  mouth  of  England  Creek  (in  the  NE.  \ 
SW.  t  sec.  19,  T.  10  N.,  R.  4  E.)  and  in  the  valley  of  Big  Creek 
about  Jonesboro. 

In  general,  then,  it  may  be  said  this  limonitic  hardpan,  or  buck- 
shot, is  found  over  all  the  low  country  for  50  miles  or  more  west  of 
Crowleys  Ridge.  On  the  east  of  the  ridge  it  is  but  a  narrow  fringe 
along  its  base  below  Poinsett  County,  but  north  of  this  county  it 
spreads  over  the  whole  region  as  a  subsoil,  in  places  rising  to  the  sur- 
face and  varying  in  depth  from  3  to  7  feet.  It  extends  eastward  to 
the  alluvial  bottoms  of  the  St.  Francis.  Along  Cache  River  in 
Greene  and  Clay  counties  much  of  the  land  is  made  up  of  these 
slashes  or  buckshot  soil. 

This  buckshot  soil  is  used  at  Jonesboro,  Gainesville,  Paragould, 
and  Rector  for  the  manufacture  of  bricks,  but  it  is  ill  suited  for  this 
purpose.  The  limonite  is  reduced  to  metallic  iron  in  the  parts  of  the 
kiln  next  to  or  near  the  fire,  and  this  gives  the  bricks  a  black,  spotted 
appearance,  which  contrasts  unpleasantly  with  the  color  of  the  body 
of  the  brick.  In  the  yards  employing  this  brick  earth  the  processes 
of  molding  are  crude  and  none  of  the  higher  grades  of  machinery 
are  in  use;  all  the  bricks  are  hand  molded  and  none  are  re-pressed. 

REMARKS   ON  THE  ANALYSES. 

Comparison  of  the  analyses  given  in  the  table  on  pages  236-237 
will  help  to  an  understanding  of  the  colors  of  the  bricks  made  in  the 
region.  Clay  for  making  bricks  of  good  red  color  should  contain 
iron;  clay  for  brown  bricks  should  contain  manganese.  The  brick 
earths  from  Paragould  and  Jonesboro  and  one  sample  from  Harris- 
burg  contain  most  manganese;  the  others  contain  but  a  trace  o^  v^^jpc^ 
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of  it.  The  rich  colors  of  the  Joneshon)-Paragoul(l  bricks  therefore 
seem  to  be  due  to  these  two  substances.  Clays  that  are  deficient  in 
both  these  substances;  or  that  contain  one  of  them  in  lumps — as  the 
soil  from  the  buckshot  land  at  Harrisburg — will  make  bricks  of  poor 
color,  which,  however,  may  be  modified  or  improved  by  the  addition 
of  soils  containing  iron  or  manganese. 

The  colors  of  bricks  depend-  also  on  the  degree  of  heat  to  which  the 
kilns  are  raised  and  the  chemical  combination  of  the  ii:on  or  man- 
ganese. Careful  manufacturers  of  bricks  keep  close  watch  on  these 
important  factors  and  produce  bricks  of  uniform  color  and  hardness. 
In  the  Crowleys  Ridge  region  the  refinements  of  brick  manufacture 
have  not  been  attempted,  although  the  loess  soils  found  there  are 
preeminently  suited  to  the  production  of  fine  brick. 


CHAPTER  IV. 
REPORT  BY  COUNTIES. 

ARKANSAS   COUNTY. 

The  southern  portion  of  Arkansas  County  lies  in  the  flat  bottom 
lands  of  White  and  Arkansas  rivers.  The  central  and  northern 
parts  are  higher.  All  the  large  streams  of  the  county  flow  south. 
Between  the  streams  are  gently  rolling  prairies,  which  vary  in  width 
from  2  to  15  miles.  The  Stuttgart  and  Arkansas  River  Railroad 
follows  the  main  ridge  or  prairie  land  from  Stuttgart  to  Gillett.  The 
ridge  ends  about  5  miles  south  of  Gillett. 

The  prairie  or  ridge  land  in  the  northern  part  of  the  county  extends 
eastward  to  White  River.  From  near  Searcy  to  Crocketts  Bluff,  in 
Arkansas  County,  a  series  of  bluffs  or  steep  banks  extend  along  the 
west  side  of  White  River.  The  character  of*  the  country  along  the 
river  is  made  apparent  by  such  names  as  Devall  Bluff,  Mount  Adams, 
and  Crocketts  Bluff.  South  of  Crocketts  Bluff  the  high  bank  on 
the  west  side  of  White  River  gradually  falls  away  into  low  bottom 
lands. 

The  soils  of  the  county  fall  naturally  into  two  groups — (1)  the  allu- 
vial sandy  soils  along  the  rivers  and  large  streams  and  (2)  the  prairie 
soils.  The  soils  of  the  prairie  lands  are  reddish  to  gray  clay,  which 
has  a  maximum  thickness  of  30  feet.  Below  the  surface  clay  comes  a 
bed  of  quieksand,  or  common  fine  sand,  which  furnishes  the  water 
supply  for  the  shallow  wells  of  the  district. 

The  following  well  record  at  Stuttgart  gives  the  characteristic 
strata  of  the  prairie  lands : 

Section  of  strata  at  Stuttgart, 

Feel. 

Drab-colored  clay 1-  1 J 

Red  to  brownish  clay 8-10 

Reddish  sand 3-15 

Red  or  blue  clay,  locally  called  soapstone 8-15 

Gray  quicksand 3-30 

Gravel,  water  bearing 3-12 

Quicksand (?) 

Clay (?) 

A  bed  of  lignite  is  found  at  many  places  just  above  the  bed  of 
gravel. 

The  only  clay  product  manufactured  in  the  county  is  common 
building  brick,  made  from  the  surface  red  clay  at  Stuttgart. 
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ANIILEY  C'OUNTY. 

The  roc'ks  all  through  i\w  higher  parts  of  the  county  belong  to  the 
E(K*(»ne  (TertiarjO.  The  lowhuids  ah)ng  SaUnc  River,  on  the  west 
and  east  of  Overflow  (-reek,  and  along  Bayou  Bartholomew  are 
mostly  alluvial  lands,  where  only  briek  clays  may  l)e  looked  for;  or 
th(»v  are  ^^slashes/'  where  occasional  pickets  or  thin  beds  of  common 
p«)ttery  clays  may  be  found. 

The  beds  of  the  higher  portions  of  the  county  are  nearly  horizontal 
and  consist,  for  the  most  part,  of  sands  and  clays  in  various  combina- 
tions and  (wcasional  beds  of  lignite. 

The  well  sunk  at  the  court-house  at  Hamburg  is  said  to  have 
passed  through  the  foflowing  section: 

Srction  in  urll  at  Ilambunj. 

Feet. 

Sandy  noil 3—4 

Not  HTonU'd 23 

White  pipe  clay 10 

Red  (lay 3-6 

Whit**  quartz  sand 20 

IVl)l)h>  bed. 

The  pipe  clay  of  this  well  section  suggests  that  valuable  clays 
may  be  found  at  some  places  in  Ashley  (Vninty,  probably  on  slopes 
where*  the  streams  have  cut  deep  into  the  soil.  They  will  probably 
be  found  also  in  the  deep  wells. 

G.  I).  Harris,  while  working  on  the  geology  of  Ashley  Coimty,  was 
informed  that  in  the  wells  'Si  blue  or  light -gray  clay  occurs  to  a  depth 
of  40  feet.  This  claj''  ccmtains  s(mie  h^af  impressi(ms.' '  The  character 
of  plant-lx^aring  clays  found  in  other  counties  in  Arkansas  suggests 
that  the  clays  may  be  available  for  making  potteiy  and  for  other 
purposes. 

The  only  clay-working  industiy  in  Ashley  County  is  a  common 
bn(;k  plant  nm  by  Nolly  Brothers  at  Hamburg. 

BRAJ>JjKY  ( oitnty. 

Th(»  northern  and  western  part  of  Bradley  County  is  a  rolling 
country  which  slopes  gradually  toward  the  bottom  lands  of  Ouachita 
River.  On  the  east  the  lands  dro])  away  rather  abniptly  toward 
Saline  Kiver.  Along  the  larger  streams  -the  Ouachita,  the  More, 
and  the  Saline — the  soils  are  mostly  alluvial,  and  the  original  Tertiary 
sediment arj^  beds  are  exposed  at  only  a  few  places.  O.  D.  Harris 
states  that  '^the  undisturbed  Tertiarj'  de])osits  of  Bradley  County 
consist  of  light-colored  lignitic  clays,  usually  intermixed  with  more  or 
less  light-colored  siliceous  sand.  Bluish  or  black  day  is  occasionally 
met  with  in  digging  or  boring  wells,  and  there  is  some  jnire  lignite."* 

a  Tertiary  gfology  of  southern  Arkansas:  Ann.  Kept.  (Jeol.  Survey  Arkansas  for  1892  vol.  2,  p.  119, 
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He  found  gray  clays  exposed  on  the  road  running  north  from  Johns- 
ville  toward  Warren  and  4  or  5  mUes  from  the  former  town.  He  gives 
the  following  record  of  the  well  of  Lee  Hammaker,  in  sec.  8,  T.  12  S., 
R.  6  W.: 

Record  of  well  of  Lee  Hammaker. 

Feet. 

Light,  even-bedded  clay 28 

Clay  ironstone 2 

Reddish-white  and  yellow  clay 5 

Blue  fossiliferous  clay 6 

Clay  ironstone 1 

Black  sand  with  water 5 

At  Alga  Bluff,  on  Saline  River,  in  sec.  21,  T.  13  S.,  R.  9  W.,  a 
section  about  75  feet  thick  is  exposed.  The  lower  half  of  this  section 
contains  two  thin  beds  of  lignite  and  two  beds  of  clay — one  3  feet 
thick,  between  the  beds  of  lignite,  the  other  16  feet  thick,  overlying 
the  upper  bed  of  lignite.  These  clays  have  not  been  examined 
chemically,  but  they  are  worthy  of  examination  and  practical  tests. 

At  Crawfords  Bluff,  on  Saline  River,  beds  of  lignitic  clay  are 
exposed  'again.  In  the  region  between  Johnsville  and  Long  View, 
wherever  the  drainage  has  cut  deep  channels,  these  lignitic  potter's 
clays  are  to  be  looked  for  beneath  the  heavy  gravels. 

About  one-half  mile  west  of  the  point  where  the  railway  from 
Monticello  to  Warren  crosses  Saline  River  the  railway  cuts  a  terrace- 
like ridge.  The  upper  4  feet  exposed  in  this  cut  is  a  bright-red  soil, 
and  the  underlying  bed  is  purple  clay. 

About  Warren  the  surface  loam  is  in  many  places  adapted  to  brick- 
making,  but  so  far  as  could  be  learned  no  clays  of  importance  beyond 
the  brick  earths  have  been  found  in  the  inmiediate  neighborhood. 
The  Tertiary  (Eocene)  fossiliferous  beds  are  exposed  in  the  railway 
cut  in  the  town.  Over  all  of  Bradley  County  the  Tertiary  (Eocene) 
beds  are  either  exposed  at  the  surface  or  are  concealed  by  their  own 
weathered  remains  or  by  a  thin  sheet  of  Pleistocene  gravel  and  sand. 
Most  of  the  weathered  Tertiary  clays  of  this  county  form  excellent 
brick  clays. 

In  sec.  20,  T.  14  S.,  R.  9  W.,  a  well  dug  beside  the  road  leading 
from  Warren  to  Johnsville  has  the  following  section : 

Section  in  well  in  sic.  20,  T.  14  S.,  R.  9  W, 

Feet. 

Sandy  loam 2 

Red  sandstone  with  pebbles 8 

WTiite  pipe  clay 4 

Sand. 

It  may  reasonably  be  expected  that  valuable  clays  will  be  found  in 
connection  with  the  lignites  known  to  exist  at  various  places  iw 

4S1.3(5— Bull.  L'51— 08 4 
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Bradley  County.  One.  of  thoso  exposures  of  li^ite  was  visite<l  at 
(loulets  Island, On  Saline  River,  in  sec.  24,  T.  17  S.,  R.  10  W.  The 
followinji:  section  is  exposed  on  the  left  bank  of  the  stream  at  that 

place: 

Srvtion  at  (iouhtu  Marul,  Salitif  Hirrr, 

Feet. 

Sand  and  clay 6 

( 'li*an  saiui 10 

I*chhl<»s  an<l  saiui 10 

Li^MiiK' 2 

lUiu*-j;ray  nand  and  clay 2 

The  only  clay  in  this  section  underlies  the  lipiite,  and  is  too  far 
below  the  surfiu'e  and  contains  too  nuich  sand  to  be  of  any  practical 
value.     The  lignite  is  too  thin  to  be  worked  and  has  no  value 

w^everal  years  aj^o  the  statement  was  ])ublished  that  *'Thirty-six 
varieties  of  commercial  clays  and  shales  *  *  *  have  been  found 
*  *  *  within  a  radius  of  3  miles  from  the  town  [of  Warren],  of 
which  twenty  consist  of  material  ust»d  in  the  manufacture  of  vitrified 
])i])e  and  i>avinj2:  brick,  and  the  remainder  *  *  *  material  used 
in  the  manufacture  of  terra  cotta,  drain  tile,  earthenware,  and 
])ressed  brick. ^*"  Such  a  statement  must  be  accepte<l  with  allow- 
ances. As  pointed  out  elsewhere  in  this  report,  whether  a  clay  is 
available  for  a  ^ixon  puq)ose  can  generally  be  determined  only  by 
practical  tests.  It  should  not  be  forjijotten  also  that  a  clay,  in  onler 
to  he  commercially  useful,  must  be  abundant,  accessible,  and  cheap. 
In  s])ite  of  the  fact  that  the  clays  of  Bradley  County  have  not  been 
tested  as  they  deserve  to  be,  the  ^eolo^y  of  the  county  leads  to  the 
reasonable  belief  that  it  contains  \ar^o  bodies  of  valuable  clays.  Only 
one  establishment  in  Bradley  County  is  en^aj]:ed  in  the  manufacture 
of  clay  pnxlucts.  This  is  a  ])lant  for  making  common  soft-mud  brick, 
located  at  Warren,  and  operated  by  Moore  &  Gannway. 

CALHOUN ( OUNTY. 

GENERAL  GEOLOGY. 

Th(»  t^eolot^y  of  Calhoun  County  can  best  be  understood  by  a  study 
of  the  bluffs  exposed  alonj;  the  ri<j:ht  bank  of  Ouachita  River  in  Union 
and  Ouachita  counties.  These  bluffs  are  made  up  of  a  series  of  clays, 
sands,  and  liji^nites  which  rise  to  a  hei<):ht  of  200  or  more  fe«t  above 
the  ordinary  staj^e  of  the  water  in  the  river.  These  soft  beds  now 
end  abruptly  at  the  river  or  at  the  mar*rin  of  its  immediate  valley, 
but  originally  they  extended  across  what  is  now  the  flood  plain  of 
the  Ouachita  and  covered  Calhoun  County,  as  they  still  do,,  though 
in  a  modified  way. 

a  Dp  Malhor.  M.  L.,  Arkansas  CiaT-^tto.  Janiinry  20.  I8S4.  p.  .S. 
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The  section  observed  on  the  right  bank  of  the  Ouachita  at  Wil- 
mington Landing  gives  a  better  idea  of  the  geology  of  Calhoun  County 
than  any  single  exposure  known  in  the  county  itself.  That  section 
is  therefore  repeated  at  this  place. 

Section  at  Wilmirufton  Landimi. 

Fwt. 

Sand  on  the  hilltop 2 

Sandy  clay 5 

Light-gray  clay 2 

Pinkish  clay 3 

Fat  buff  clay  with  sandy  patches  and  lignite 16 

Tough,  sandy  light-colored  clay 7 

White  sand 3 

Brown  coal  or  lignite 3 

Fat  dove-colored  clay 3 

Sand  with  clay  laminae 5 

Pink  sandy  clays  and  sands 10 

Concealed 10 

Level  of  Ouachita  River 90 

In  dealing  with  the  geology  of  Calhoun  County  we  should  remember 
that  the  beds  exposed  in  the  section  at  Wilmington  Landing  formerly 
covered  the  region  to  the  east  and  north,  and  that  water  has  gradually 
cut  away  the  beds  and  lowered  the  whole  land  surface  to  its  present 
level. 

Beyond  the  river  at  Wilmington  and  farther  north,  toward  Sum- 
merville,  for  several  miles,  the  country  is  verj"  nearly  flat  and  but 
little  elevated  above  the  flood  plains  of  the  river.  There  is,  however, 
an  almost  imperceptible  rise  as  one  approaches  Hampton,  and  a 
short  distance  north  of  Hampton  the  country  is  at  or  about  the 
same  elevation  as  the  elevated  country  at  Wilmington  Landing. 

Over  the  lower  country  in  the  southern  part  of  the  county,  and 
indeed  almost  everywhere  east  of  the  Ouachita,  the  lands  are  made 
up  of  river  silts  and  alluvial  and  buckshot  clays,  so  common  in  the 
slashes  and  boggy  ''crawfish  lands. ^^  This  surface  covering  is  of 
later  date  than  the  underlying  stratified  beds,  which  are  everywhere 
obscured.  The  Recent  materials  cover  the  older  sediments  through- 
out the  county  by  spreading  out  over  the  flood  plains  of  all  streams. 

On  the  higher  lands  of  Calhoun  County  there  is  a  widespread 
overwash  of  waterworn  pebbles.  Most  of  these  pebbles  are  of 
novaculite,  but  many  quartz  pebbles  are  mingled  with  them.  The 
novaculite  that  makes  up  the  great  bulk  of  the  gravels  is  so  restricted 
in  its  distribution  that  there  can  be  no  question  about  the  origin  of 
these  pebbles.  The  novaculite  rocks  extend  from  a  point  near 
Little  Rock  on  the  east  to  Hot  Springs  and  Dallas,  in  Polk  County. 
Almost  everywhere  they  form  moimtains,  generally  very  steep  and 
rugged.  It  is  from  these  mountains  of  novaculite  that  the  novaculite, 
pebbles  have  been  spread  out  like  a  great  blaivkfe\.  ox«t  ^\>cl^  ^'ossssJm^^^ 
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of  tho  State  lyinjr  south  of  the  Ouaehitas  or  novaculite  ridges  of 
Puhiski,  Sahne,  Hot  Sprinjrs,  Montgomery,  Pike,  and  Polk  counties. 
The  (juartz  of  the  ])ehbh*  beds  is  doubtless  derived  from  the  same 
rejjjion,  for  the  novacuHte  shales  are  noted  for  the  great  number  of 
thin  (luartz  veins  they  contain.  The  fact  that  the  i>ebbles  generally 
underlie  the  silts  and  alluvial  beds  of  the  fhxHl  plains  of  the  streams 
shows,  too,  that  they  are  older  than  these  silts.  They  seem  to  have 
be(»n  brought  to  their  present  position  at  the  time  when  the  Tertiary 
land  was  emer^inji;  from  the  bed  of  the  sea,  having  been  spreaii  out 
by  the  undertow  of  the  retiring  waters. 

Th(\se  gravels  are  most  abundant  on  the  tops  of  the  highest  hills 
of  the  region,  where  they  make  excellent  roads,  or  beneath  the  soils 
along  streams.  This  is  because  they  were  originally  spread  over  an 
approxinuitely  ilat  region;  subsecjuent  erosion  has  removed  some 
of  this  material,  thus  making  valleys  in  which  the  gravels  are  con- 
centrated beneath  the  silts  and  soils  that  have  later  accumulated 
above  them. 

CLAY  DEPOSITS. 

Beneath  the  gravels  and  immediate  surface  soils  lie  the  soft  Ter- 
tiary beds  referred  to  as  cropping  out  in  the  blufTs  of  the  Ouachita. 
These  deposits  contain  many  beds  of  pottery  clay.  Only  a  few  of 
the  outcrops  of  these  beds  can  be  noted  here,  but  anyone  who  will 
l)oar  in  mind  the  general  g(»ologic  structure  of  the  region,  as  stated 
above  and  as  shown  in  the  section  on  page  17,  can  readily  trace 
the  l)e(ls  and  will  know  where  to  look  for  these  clays  when  they  have 
l)e(Mi  foimd  at  a  single  locality. 

About  3i  miles  north  of  Hampton,  at  a  point  where  the  Hampton- 
('haml)ersville  road  crosses  Rocky  Branch,  on  the  slope  of  a  hill 
a])out  loO  feet  south  of  the  stream,  is  a  bed  of  greenish-gray  potter's 
clay.  It  is  not  well  exposed  and  neither  its  upper  nor  its  lower  limit 
could  l)e  seen  when  the  place  was  examined,  but  it  appears  to  have  a 
thickness  of  about  4  feet.  It  can  not  be  stated  positively  that  the 
clay  exposed  is  in  place,  but  if  it  is  the  l)ed  will  be  found  to  continue 
both  up  and  down  Rocky  Branch  at  the  same  elevation,  and  it  is 
quite  j)robable  that  it  may  be  found  also  (m  the  north  side  of  this 
stream  at  about  the  same  elevation. 

About  li  mil(»s  south  of  duunbersville,  just  south  of  Whitewater 
(Ycck,  at  a  place  where  the  nam|)t(m-('hambersville  road  ascends 
about  40  feet  from  the  l)ott(mis  to  the  higher  land,  probably  in  the 
SW.  i  sec.  3,  T.  12  S.,  R.  13  W.,  i)ott(T's  clay  is  exposed  in  the  face 
of  the  hill  in  the  road.  The  thickness  of  these  beds  can  not  be 
determined  without  digging,  but  they  sccmu  to  be  from  10  to  20  feet 
thick  at  the  place  mentioned,  and  are  well  above  all  possible  overflow 
of  tlie  neighboring  streams.  The  outcrop  extends  aroimd  the  face 
of  the  hill  to  the  northeast  and  southwest  from  the  road,  while  the 
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beds  penetrate  the  hill  to  the  south.  In  all  probability  the  outcrop 
will  also  be  found  following  the  face  of  the  hills  that  skirt  the  valley 
of  Whitewater  Creek  along  its  right  bank. 

In  the  Chambers ville-Hamp ton  road,  a  Uttle  more  than  a  mile  south 
of  the  outcrop  last  mentioned,  similar  potter's  clay  is  exposed  in  a 
gully  on  the  north  side  of  the  road. 

About  2  miles  south  of  the  point  where  the  same  road  crosses 
Whitewater  Creek  potter's  clays  are  exposed  again  by  the  roadside 
in  the  brow  of  a  low  hill  facing  northwest.  This  place  is  probably 
in  the  SW.  i  sec.  15,  T.  12  S.,  R.  13  W.,  about  a  quarter  of  a  mile 
southeast  of  Dawson's  schoolhouse.  The  following  is  the  section 
exposed : 

Section  in  SW.  }  sec.  i.5,  T.  /?  S.,  R.  IS  W. 

iSoil  with  pebbles  and  silicified  wood.  Fret. 

Greenish  lead-colored  clay 5 

Brown  coal 2 

Clayey  sands  (base  concealed) 4 

Some  of  the  cobbles  in  the  soil  overlying  tliis  section  are  6  inches 
in  diameter.  With  the  exception  of  the  fossil  wood  and  a  little 
quartz  they  are  all  of  novaculite. 

The  outcrops  of  clay  and  brown  coal  extend  both  to  the  north  and 
south  of  the  road. 

A  little  more  than  a  mile  south  of  Chambersville,  probably  in  the 
SW.  J  sec.  27,  T.  11  S.,  R.  13  W.,  on  Henry  Clay's  place,  a  bed  of 
potter's  clay  4  or  5  feet  thick  is  exposed  beside  the  road.  It  con- 
tains a  few  leaf  impressions,  and  in  general  appearance  closely  resem- 
bles the  clays  used  at  Perla.  This  clay  bed  will  be  found  to  con- 
tinue to  the  east  of  the  Chambers  ville-Hamp  ton  road  into  the  woods, 
while  to  the  west  it  skirts  the  low  hill  north  and  west  of  Henry  Clay's 
farmhouse. 

Mr.  Siebenthal  reports  a  bed  of  gray  plastic  clay,  from  6  to  10  feet 
thick,  on  the  railway  at  a  place  where  it  crosses  from  Cleveland 
County  into  Calhoun  County,  in  sec.  4,  T.  11  wS.,  R.  13  W.,  and  the 
same  bed  again  about  500  paces  west  of  the  first-mentioned  exposure. 
Good  pottery  clay  is  reported  on  the  Jordan  place,  in  sec.  6  of  this 
same  township,  and  also  on  the  Lightfoot  place,  1  mile  south  of 
Little  Bay. 

So  far  as  the  geology  of  Calhoun  County  has  been  studied  it  leads 
to  the  conclusion  that  the  pottery  clays  will  be  found  in  a  long  series 
of  outcrops  skirting  the  Champanolle  on  both  sides  and  along  the 
west  side  of  Moro  Creek,  following  up  the  larger  streams  like  Wliite- 
water.  They  will  be  found  also  in  the  hillsides  along  the  upper  part 
of  Locust  Bayou  and  along  the  east  side  of  Two  Bayou  toward  its 
head.  These  clay  beds  vary  in  thickness  and  in  character,  but  for 
all  practical  puiposes  they  may  be  regarded  «^  ixveiCcL'KOfiNJ^^. 
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Clays  available  for  ordinary  pottery  occur  here  and  there  in  the 
wet  slashes  along  the  larger  streams  and  along  Ouachita  River,  but 
these  deposits  are  limited  in  quantity  and,  as  compared  with  the 
stratified  Tertiary  clays,  are  of  inferior  quality.  It  does  not  appear 
that  the  pottery  clays  of  Calhoun  County  have  ever  been  utilized, 
even  for  local  purposes,  and  transportation  facilities  will  need  to  be 
improved  before  the  excellent  clays  of  this  county  can  be  turned 
to  much  account. 

CLAY  COUNTY. 

The  only  clays  of  economic  importance  found  in  Clay  County  are 
common  brick  clays.  The  most  abundant  brick  clay  is  the  loess, 
which  occurs  on  the  top  and  sides  of  Crowleys  Ridge  throughout  the 
county.  Along  a  narrow  belt  of  country  at  the  foot  of  Crowleys^ 
Ridge,  on  both  sides,  the  loess  has  been  reworked  by  the  streams  and 
fonns  a  second  bottom.  The  reworked  product  is  very  similar  in 
appearance  and  composition  to  some  phases  of  the  loess.  It  usually 
has  a  more  yellowish  color,  due  to  the  presence  of  iron  oxide  obtained 
from  the  highly  ferruginous  sand  underlying  the  loess  on  the  ridge. 
Where  the  yellow  second-bottom  clay  is  constantly  covered  with 
water  the  iron  oxide  is  largely  leached  out  and  the  clay  becomes  a 
white  glady  soil. 

The  second-bottom  land  Ls  much  narrower  on  the  west  of  the  ridge 
than  on  the  east.  Patches  of  country  between  Cache  and  Black 
rivers  are  covered  with  white  to  gray  buckshot  clay.  It  is  doubtless 
of  the  same  age  as  the  white  glady  land  on  the  east  side  of  the  ridge. 
At  various  places  in  the  county  between  the  west  edge  of  Crowleys 
Ridge  and  Current  River  the  surface  is  covered  with  alluvial  sand, 
which  overlies  the  hardpan  or  buckshot  clay  where  the  latter  has  not 
been  removed  by  the  present  streams. 

The  reworked  loess  at  Pratt  is  being  made  into  common  building 
bricks  by  the  Pratt  Brick  Company.  This  is  the  only  plant  in  the 
county  engaged  in  the  manufacture  of  clay  i)rodiicts. 

CLEVELAND   COUNTY. 

GENERAL  GEOLOGY. 

The  geology  of  the  extreme  northwestern  part  of  Cleveland  County 
is  similar  to  that  of  Saline  and  Hot  Si)ring  counties;  that  of  the  cen- 
tral part  is  like  that  of  Union  and  Calhoun  counties,  where  there  are 
so  many  good  clays;  while  that  of  the  southeastern  porticm  is  like 
that  of  Drew  and  Ashley  counties.  It  is  ])robal)lo  that  there  are 
many  clay  deposits  in  Cleveland  County  available  for  pottery,  fire 
bricks,  sewer  pipe,  etc. 
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The  work  in  Cleveland  County  was  done  by  Prof.  G.  D.  Harris, 
who  gives  the  following  r6sum6  of  the  geology  of  the  lowest  beds  in 
the  northwestern  section : " 

A  small  portion  of  the  northwestern  quarter  of  this  county  is  doubtless  underlain  by 
lignitic  deposits.  Records  of  well  borings  at  Pinchback's  mills,  according  to  Mr. 
J.  C.  Simmes,  of  New  Edinburgh  show  no  traces  of  molluscan  remains.  The  materials 
commonly  passed  through  are  sands  and  dark  lignitic  clay.  In  the  vicinity  of 
Cross  Roads  Church,  about  4}  miles  northwest  of  Kingsland,  fossils  belonging  to  the 
Jackson  horizon  were  found  in  the  form  of  casts  and  impressions  in  concretionary  fer- 
ruginous sandstone.  Wells  near  Kingsland  and  farther  west  are  said  to  pass  through 
25  or  30  feet  of  sandy  clay  of  a  light-yellowish  color,  and  then  to  encounter  bluish 
clay  or  lignite.  The  bluish  clay  at  some  places  continues  for  30  feet  or  more,  when 
it  gives  way  to  soft  and  sandy  material  that  furnishes  water  in  abundance. 

The  higher  beds  that  cover  all  the  central  part  of  the  county  belong 
to  the  middle  or  Claiborne  division  of  the  Eocene  (Tertiary),  and  are 
similar  in  the  main  to  the  beds  of  Calhoim  and  Union  counties. 

Below  is  given  the  record  of  a  well  on  the  land  of  J.  B.  Williams  in 
the  SW.  i  SW.  1  sec.  1,  T.  9  S.,  R.  11  W. 

Record  of  well  on  land  of  J.  B.  Williams. 

Feet. 

Soil  and  sands 20 

Joint  clay 20 

Clay  with  gypsum 10 

Shells 10 

Leaves 5 

Dark-blue  earth 12 

Coarse  white  sand 4 

On  Mount  Elba,  just  south  of  Bridges  BluflF  on  Saline  River, 
3 J  miles  south  of  Toledo,  the  following  section  is  exposed: 

Section  at  Mount  Elba. 

Feet. 

Pebbly  dark  soil 2 

Yellowish  clayey  sand 7 

White  chert  pebbles 7 

Light  lignitic  clay 3 

Concealed  to  the  water 15 

Several  other  sections  reported  by  Professor  Harris  in  Cleveland 
County  contain  clays,  but  it  is  not  clear  whether  they  are  valuable. 
Bed  No.  4  in  the  following  section  reported  by  him  appears  to  be  one 
of  promise.  The  locahty  is  5  miles  southwest  of  New  Edinburg,  on 
the  Moro  Bay-Pine  BluflF  road. 

Section  near  New  Edinburg. 

Ft.     in. 

Soil,  sand,  and  a  few  pebbles 2 

Light,  evenly  laminated  blue-gray  clay 4 

Light-gray  micaceous  clay 6 

Leaf-bearing  bluish-gray  clay 8 

a  Ann.  Rept.  Geol.  Survey  Arkansas  for  1892,  vol.2,"^.ia. 
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CLAY  INDUSTRY. 

There  is  an  abundance  of  good  brick  clays  over  a  large  part  of  the 
county.  The  Leali  Presse<l  and  Fire  Brick  Company's  brick  plant 
at  Kingsland,  with  a  capacity  of  20,000  bricks  a  day,  has  been  in 
operation  since  about  1901.  The  plant  manufactures  dry-pressed, 
stiff-mud,  and  fire  brick.  Shale  and  common  clay  are  used.  The 
bricks  are  dried  in  a  Standard  steam  drier,  and  burned  in  both 
up-draft  and  down-draft  kilns,  which  hold  from  75,000  to  400,000 
bricks.  The  Raymond  stiff-mud  machines  and  the  Berg  dry-press 
machines  are  used.  The  former  has  a  capacity  of  40,000  and  the 
latter  of  20,000  bricks  a  day. 

The  company  is  preparing  to  move  its  plant  to  Little  Rock,  and 
will  operate  there  under  the  name  of  The  Southern  Brick  Company. 

COLUMBIA  COUNTY. 

CLAY  DEPOSITS. 

All  of  Columbia  County  lies  within  the  Tertiary-Quaternary 
region.  The  general  geology  of  the  county  is  favorable  to  the  dis- 
covery of  pottery,  tile,  sewer  pipe,  and  refractor}^  clays,  and  wher- 
ever such  beds  may  be  found  the  horizontality  and  uniformity  i)f 
the  geologic  stnicture  will  make  prospecting  for  them  very  simple. 

The  details  of  the  geology  of  Columbia  County  have  not  been 
sufficiently  studied  to  determine  the  precise  geologic  position  or  the 
geographic  distribution  of  the  more  valuable  clays,  but  clays  of 
excellent  quahty  will  doubtless  be  found  in  al)undance  in  the  county. 
It  seems  most  probable  that  they  will  be  found  not  in  the  higher  parts 
of  the  great  watershed  that  runs  through  the  middle  of  the  county, 
but  well  down  its  sides  and  along  the  sides  of  the  valleys  of  the 
larger  streams. 

Tlie  usual  ''deer-lick'^  clays  are  found  in  the  wet  slashes,  but  it 
is  not  thought  that  clays  of  this  chiss  are  of  sufficiently  good  quality 
or  sufficiently  abundant  to  warrant  exploitation,  except,  p>erhap6, 
in  a  veiy  limited  way,  to  meet  small  local  denuinds.  The  stratified 
clays  are  abundant  and  good,  and  when  a  good  bed  is  found  there 
is  never  nmch  difficulty  in  determining  its  relations  to  the  accom- 
])anying  beds  or  in  tracing  it  over  the  adjoining  countr^^ 

On  the  road  leading  from  Magnolia  to  Mount  1  lolly,  in  the  NR.  J 
sec.  3,  T.  17  S.,  R.  20  W.,  there  are  some  greenish-gray  pottery 
clays,  at  least  3  feet  of  which  is  exposed.  The  upper  part  of  this 
]hh\  is  discolored  by  iron,  but  the  discoloration  seems  to  be  only 
superficial.  Sandy  fire  clays  are  exposed  in  a  gully  on  the  side  of 
the  sam(i  road  9  miles  east  of  Magnolia. 

At  a  few  places  between  this  locality  and  Mount  Holly  there  are 
small  outcrops  of  pinkish  sandy  clays  containing  leaf  impressions, 
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but  as  a  rule  these  beds  are  too  sandy  to  make  good  pottery  clays. 
The  probabilities  are,  however,  that  the  same  beds  at  localities  other 
than  those  examined  may  yield  excellent  clays,  since  they  are  of  the 
same  general  character  and  appearance  and  contain  the  same  fossil 
leaves  as  the  pink  fossiliferous  clays  used  successfully  at  Perla 
switch,  in  Hot  Spring  County. 

A  quarter  of  a  mile  west  of  Mount  Holly  some  promising-looking 
dove-colored  clays  are  exposed  at  the  side  of  the  road.  This  clay, 
however,  contains  a  few  pebbles,  and  it  may  not  prove  to  be  of  value. 
Beneath  this  gray  clay  are  pinkish  beds  with  leaf  impressions. 

The  following  is  the  record  of  a  well  dug  by  Mr.  G.  O.  Bailey  on 
his  land  near  Magnolia,  in  the  N.  i  sec.  34,  T.  16  S.,  R.  20  W.: 

Section  of  Bailey^ 8  well  near  Magnolia. 

Feet. 

Surface  soil 6 

Cream-colored  clay 15 

Sand  and  pink  clay  mixed 3 

Brown  potter's  clay 5 

The  second  bed  in  this  section  contains  a  good  many  impressions 
of  plants.  The  clay  has  not  been  analyzed,  but  its  texture  and 
color  suggest  its  availabihty  for  the  manufacture  of  good  pottery. 
It  contains  39.44  per  cent  of  cream-colored  sand.  This  sand  is  very 
fine,  only  1  per  cent  of  it  being  caught  on  a  wire  gauze  having  100 
meshes  to  the  inch  and  3  per  cent  on  one  having  150  meshes  to  the 
inch,  the  remainder  passing  through. 

The  third  member  of  this  section  is  of  a  light-pink  color.  It  is 
very  fine  and  clear  of  grit,  but  this  pure  part  of  the  clay  is  so  mixed 
with  small  pockets  of  rather  coarse  sand  that  in  its  present  condition 
it  is  not  available  for  fine  pottery.  The  occurrence  of  this  bed,  how- 
ever, is  interesting,  and  suggests  that  a  clean  bed  of  excellent  clay 
may  yet  be  found.  There  is  29.08  per  cent  of  clean  white  sand  in 
clay  No.  3,  which  includes  that  of  the  sand  pockets  as  well.  A 
large  part  of  the  sand,  36  per  cent,  is  caught  on  a  sieve  having  100 
meshes  to  the  inch.  In  order  to  determine  whether  the  body  of  it 
might  not  be  kaolin  the  sand  was  washed  from  a  sample  of  No.  3 
and  the  wat^r  expelled  by  ignition.  The  loss  was  9  per  cent.  The 
percentage  of  water  in  true  kaolin  is  13  per  cent,  while  ordinary  clays 
have  5  and  6  per  cent.  This  can  not,  therefore,  be  regarded  as  a 
sandy  kaolin,  although  it  contains  a  higher  percentage  of  water  than 
ordinary  pottery  clays. 

The  brown  clay  in  which  the  well  ends  is  identical  in  color  and  tex- 
ture and  general  appearance  with  the  brown  clays  successfully  used  at 
Perla  switch  in  the  manufacture  of  pottery  and  fire  bricks.  It  con- 
tains 28.92  per  cent  of  fine  light-brown  sand,  the  lower  brown  clay  at 
Perla  switch  containing  21.9  per  cent.     All  the  sand  in  this  b^Q>^^ 


58  THE   CLAYS   OK   ARKANSAS. 

clay  is  veiy  fine,  only  a  littlo  more  than  1  per  cent  of  it  being  caught  in 
a  sicvo  having  150  nicshos  to  the  inch,  the  remainder  passing  through. 
This  lower  bed,  like  that  at  Perla,  contains  many  impressions  of 
loaves  and  stems  of  plants;  indeed,  the  whole  section  seems  to  be 
veiy  similar  to  the  clay  pits  at  that  place. 

It  is  reported  that  clays  similar  to  those  found  in  Bailey's  ^vell  have 
1)0(41  passed  through  in  digging  several  wells  in  the  neighborhood,  and 
that  in  some  of  them  the  lower  brown  clay  has  been  penetrated  to  a 
depth  of  10  or  12  feet  without  having  been  passed  through. 

CLAY  INDUSTRY. 

The  Mclntyre  Company  has  a  small  brick  plant  at  Magnolia.  The 
plant  was  established  in  1884.  Surface  clay  is  used,  from  which  is 
nuu\o  a  red  common  building  brick.  The  bricks  are  molded  by  hand, 
(hied  in  the  open  air  and  sunshine,  and  burned  in  an  up-draft  kiln. 
About  three  days  are  necessary  to  dry  the  bricks  sufficiently  to  place 
tluMU  in  the  kiln;  nine  days  are  recpiired  for  burning.  Wood  is  used 
as  fuel.  The  output  is  5,000  a  day.  The  mohls  are  8§  by  4J  by  2* 
inches. 

CONWAY  C^OUNTY. 

GENERAL  GEOLOGY. 

The  general  g<»()l()gv  of  (^)nway  (\)unty  is  the  same  as  that  of 
Faulkner  County,  and  the  (days  of  the  two  counties  are  therefore  of 
th(^  same  charactcM-  and  have  the  same  geologic  distribution. 

The  surface  rocks  in  Ctmway  C'ounty,  except  the  later  deposits 
aloiif^:  Arkansas  River,  are  entirely  in  the  ''Lower  Coal  Measures.^' 
Tho  liard  rocks  are  alternate  sandstones  and  shales  that  lie  nearly  fiat 
in  the  northern  part  of  the  county  and  are  thrown  into  gentle  folds  in 
th(»  southern  part.  The  ridges  here,  as  in  other  i)ortions  of  the  State, 
arc  capped  by  sandstcme  or  are  made  up  entirely  of  sandstone,  while 
th(»  valleys  are  generally  underlain  by  shales. 

Starting  about  2\  miles  west  and  a  little  north  of  Morrillton,  the 
Morrillton  anticlinal  fold  of  the  rocks  runs  (\\w  east  to  Cadron  Creek, 
('i()ssin«i:  that  stream  in  sec.  8,  T.  6  N.,  R.  14  W.  The  group  of  parallel 
ridges  and  valleys  involved  in  this  fold  have  a  width  of  3  miles  in 
Conway  (^ounty.  The  relations  of  these  ridges  to  one  another  are  not 
apparent  to  anyone  ])assing  across  the  county  on  the  railway;  because 
the  railway  does  not  cut  across  them,  but  follows  the  valleys,  and  is 
th(M'cf()re  parallel  to  the  lines  of  structure. 

CLAY  DEPOSITS. 

Vanetlesi. — The  principal  (days  of  Conway  County  are  of  the  foUow- 
ino;  four  varieties: 

1.  The  clay  shal(»s  and  the  clays  derive<l  directly  from  them  by 
(lisintejj:ration. 
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2.  The  limonitic  buckshot  clays. 

3.  The  leached  clays  of  the  slashes. 

4.  The  alluvial  chocolate  clays  of  the  second  bottoms  along  Arkan- 
sas River. 

Clay  shales, — The  clay  shales  are  interbedded  with  the  sandstones 
and  are,  in  the  main,  similar  in  character  and  distribution  to  those  of 
Faulkner,  White,  and  Pulaski  coimties.  Where  they  have  the  proper 
composition  they  are  available  for  the  manufacture  of  paving  bricks, 
sewer  pipe,  and  fire-clay  products.  No  chemical  analyses  have  been 
made  of  specimens  of  shales  of  White  Coimty,  but  the  analyses  of  the 
Round  Mountain  shales  of  White  County  and  of  the  Little  Rock 
shales  of  Pulaski  County  may  be  accepted  as  indicating  in  a  general 
way  the  character  of  the  clay  shales  to  be  foimd  in  Conway  County. 

Buckshot  clays. — The  buckshot  clays  cover  a  large  part  of  the 
higher  valleys  of  the  county.  These  are  used  for  making  common 
bricks,  but  owing  to  the  presence  in  them  of  the  buckshot  or  small 
nodules  of  iron  the  bricks  are  often  covered  with  dark-brown  spots. 
These  spots  are  likely  to  be  produced  in  any  well-burned  bricks  made 
of  the  buckshot  clays. 

Leached  clays, — The  leached  clays  are  probably  only  modifications 
of  the  buckshot  clays.  Both  the  leached  clays  and  the  buckshot 
clays  are  derived  indirectly  from  clay  shales,  and  chemically  altered 
by  weathering  and  leaching.  Where  waters  charged  with  organic 
acids  stand  for  a  long  time  in  shallow  pools  in  the  slash  lands,  the 
underlying  clays  are  often  leached  of  their  iron  and  made  available  for 
the  manufacture  of  coarse  pottery.  Such  clays  are  found  in  Conway 
County  in  the  wet  places  on  the  second  bottoms  of  the  Arkansas  River, 
Point  Remove  Creek,  and  Cadron  Creek. 

The  alluvial  chocolate  clays  of  Conway  County  are  in  every  respect 
similar  in  character  and  topographic  position  to  those  of  Faulkner 
County. 

Old  Lewisburg  terrace  clay, — At  Old  Lewisburg,  1  mile  south  of 
Morrillton,  a  red  clay  caps  all  the  elevations.  This  clay  has  a  maxi- 
mumr  thickness  of  about  20  feet  and  shows  four  distinctly  colored 
beds.  As  seen  at  a  point  250  yards  southeast  of  the  ferry,  the  expo- 
sures in  a  deep  gully  are  as  follows,  beginning  at  the  top: 

Section  at  Old  Lewisburg. 

Feet. 

1.  Flesh-colored  clay  containing  much  sand 7 

2.  Dark-red  plastic  clay  containing  a  few  small  siliceous  concre- 

tions   4-5 

3.  Pinkish  clay,  with  numerous  small  siliceous  concretions 3-4 

4.  Yellowish  and  mottled  sandy  clay  overlying  the  black  shale  that 

outcrops  along  the  river  south  of  the  ferry 4-5 

The  dividing  line  between  these  beds  of  clay  is  fairly  distinct^ 
though^  they  grade  sUghtly  into  one  auotker.    ^^^^<^.  1  ^orcsXasiXia. 


6(^  TUi:   I'LAYS   OK   ARKANSAS. 

less  sand,  apparently,  than  any  of  the  others.  Bed  No.  4  is  evi- 
dently a  decomposition  product  of  the  black  shale  that  underlies 
th(»  r(»tri()ii  about  Old  Lewisbur^  and  that  crops  out  along  the  river 
bank  above  and  below  the  ferry.  This  shale  contains  much  sand, 
and  at  some  places,  as  just  above  the  ferry,  it  contains  beds  of 
slialy  sandstone.  It  has  a  dip  of  25°  S.  Beds  1,  2,  and  3  are  foreign 
to  tills  locality  and  are  not  derived  from  this  shale  bed. 

The  whole  site  of  the  town  of  Old  Ijcwisburg  is  imderlain  by 
th(^  vhiy  mentioned  in  the  section,  except  where  these  beds  have 
been  (»ut  through  by  gullies.  Bricks  have  l)een  made  from  the 
clay  at  the  south  edjjje  of  the  town  of  Old  Ijewisburg.  This  clay 
has  about  the  elevation  of  No.  1,  but  the  clay  exposed  in  the  old 
])it  did  not  show  so  nmch  sand  as  bed  No.  1  in  the  gully  ^irhere  the 
section  Wiis  taken.  The  clay  of  the  pit  is  red.  These  bricks  are 
rc|)orted  by  Mr.  Morloch,  who  helped  to  tear  down  some  of  the 
buildings  made  from  them,  to  l>e  soft  and  crumbling.  No  bricks 
have  been  made  here  since  Old  Lewisburg  was  in  its  prime,  many 
y(^ars  ago. 

Clays  south  of  MorTillion. — The  ridges  south  of  Morrillton  are  each 
formed  by  a  heavy  bed  of  sandstone,  dipping  south  at  an  angle  uf 
25°.  Between  these  two  sandst<me  ridges  is  a  black,  gritty  shale, 
forming  a  red  brick  clay.     The  shale  bed  is  about  275  feet  thick. 

This  clay  resembles  that  of  the  valley  in  which  Morrillton  stands. 
The  clay  in  this  valley  is  found  mostly  on  the  north  slope  of  the 
south  ridge  and  on  the  south  slope  of  the  north  ridge.  Where  the 
same  clay  occurs  in  the  bottom  of  the  valley  it  contains  more  sand 
than  it  does  on  the  slopes  of  the  ridges. 

Brick  chujs  at  Morrillton. — About  loO  paces  west  of  the  public 
school  building  in  Morrillton,  cm  the  north  slope  of  the  ridge,  is  a 
bed  of  HHldish  ])lastic  clay,  from  which  bricks  have  been  made. 
This  clay  is  sticky,  but  contains  small  iron  "buckshot'^  nodules  and 
is  sandy,  though  the  amoimt  of  sand  is  not  excessive.  This  same 
clay  bed  extends  all  along  the  northern  slope  of  this  ridge,  which 
is  the  first  one  south  of  the  town.  It  is  imiform  in  color  and  plas- 
t icily  and  in  the  anumnt  of  buckshot  it  contains.  It  is  the  product 
of  the  decom])ositi<m  of  the  black,  sandy,  southward-dipping  shale 
that  underlies  the  whole  valley  in  which  Morrillton  is  built.  This 
surface  clay  at  no  place  appears  to  have  a  thickness  of  more  than 
2  or  .S  feet.  The  clay  formerly  us(»(l  at  W.  M.  Morloch's  brickyard, 
a  little  more  than  half  a  mile  east  of  the  railway  station  at  Mor- 
rillton, is  red,  contains  sand  and  iron,  and  is  only  1  to  2  feet  thick, 
the  ])artially  decomposed  underlying  shale  coming  close  to  the 
surface  of  the  ground.  The  shah*  fragments  seen  on  the  surface 
hereabout  are  weathered  to  a  light-greenish  color.  The  shale  that 
forms  this  clay  belongs  to  the  same  bed  as  that  forming  the  clay 
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at  the  base  of  the  ridge  immediately  south  of  the  town,  but  geo- 
logically it  is  about  200  feet  lower.  The  character,  color,  and  plas- 
ticity of  the  clay  are  the  same  as  those  of  the  clay  west  of  the  public 
schoolhouse.     This  plant  has  now  gone  out  of  business. 

One  mile  northeast  of  Morrillton,  at  a  place  where  the  road  runs 
northward  past  Thomas  D.  Hawkins's  house,  a  2-foot  bed  of  red 
clay,  with  little  sand,  is  cut  through  by  the  road.  Where  the  road 
crosses  the  point  of  the  ridge  that  rises  toward  the  east  from  the 
northeast  edge  of  the  town  there  is  a  similar  red  clay. 

Red  clay  like  that  at  the  localities  described  above  is  to  be  found 
on  nearly  all  of  the  slight  elevations  in  the  valley  and  near  Mor- 
rillton. The  bed  does  not  exceed  a  very  few  feet  in  thickness  at 
any  place.  It  is  derived  from  the  bed  of  black  gritty  shale  that 
underlies  this  valley  and  is  all  of  about  the  same  color,  has  the 
same  amount  of  sand,  and  contains  much  iron  in  the  form  of  buck- 
shot nodules.  It  makes  a  very  good  quality  of  brick  so  far  as  hard- 
ness and  durability  are  concerned,  though  its  color  is  somewhat 
injured  for  special  uses  by  the  black  iron  blotches. 


Fig.  6.— Section  east  of  Morrillton.    cl,  Clay;  sh,  shale;  S8,  sundstonr. 

This  clay  is  good  for  common  bricks  or  common  tiles,  but  would 
not  be  available  for  sewer  tiles,  nor  can  it  be  used  for  any  other 
than  common  bricks. 

The  shale  that  makes  up  the  valley  is  apparently  about  the  same 
throughout  in  thickness,  color,  hardness,  and  percentage  of  sand, 
and  yields  a  pretty  uniform  residuary  clay.  The  bed  of  shale  is 
from  550  to  600  feet  thick,  and  under  the  town  of  Morrillton  and 
east  of  it  dips  south,  but  turns  over  the  nose  of  the  anticline  at 
the  northeast  corner  of  the  town  and  dips  north.  A  north-south 
section  1  mile  east  of  Morrillton,  from  the  sandstone  in  the  south 
side  of  the  anticlinal  nose  to  the  second  ridge  south  of  Morrillton, 
is  shown  in  fig.  6. 

This  section  represents  the  thickness  of  the  rocks  about  1  mile 
east  of  Morrillton,  and  shows  how  the  clay  occurs  on  the  shale  in 
Morrillton.  Where  the  section  is  taken  the  clay  is  mostly  eroded 
away  at  the  north  side.  At  present  no  clay  industries  are  reported 
from  Conway  County. 
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CRAIGHEAD   COUNTY. 

GENERAL  GEOLOGY. 

The  eastern  half  of  Craighead  County  is  occupied  by  St.  Francis 
River,  the  Hatchie  Coon  sunk  lands,  and  a  broad  belt  of  low, 
undrained  swamp  lands,  which  extend  westward  to  the  narrow 
fringe  of  post-oak  lands  adja<*ent  to  Crowleys  Ridge. 

The  country  east  of  Lake  City  is  niatle  up  of  sunken  lands  that 
are  subject  to  frequent  overflow,  except  along  some  of  the  slightly 
elevated  areas  which  are  covered  w^th  **sandblows."  The  sand- 
blows  consist  of  fine  white  sand  w^liich  has  accumulated  in  small, 
more  or  less  separate  areas  and  is  surrounded  by  darker  colored 
loam  or  sand.  The  country  from  T^ake  City  to  Nettleton  is  a  fiat 
buckshot  soil,  with  a  grow^th  of  scrubby  wallow  oak,  post  oak,  black 
oak,  and  an  occasional  hickori^  w-hite  oak,  and  persimmon.  The 
long-trunked  sweet  gum  and  cotton  wood  are  entirely  absent. 

In  the  southern  part  of  Craighead  (\)unty  (Vowleys  Ridge  is 
but  one-half  mile  across,  narrower  than  at  any  other  point  between 
the  Missouri  line  and  Helena  except  where  it  is  cut  in  two  by  L'An- 
guille  River  in  Lee  C^ounty.  North  of  Jonesboro  it  widens  out, 
and  near  the  northern  border  of  the  county  it  is  broader  than  at 
any  other  point  in  the  State. 

The  white  buckshot  land  extends  westward  from  the  foot  of  Crow- 
leys  Ridge  to  within  about  one-half  mile  of  Cache  River.  Cache 
River  bottom  is  from  6  to  10  feet  lower  than  the  buckshot  land  to  the 
east,  and  along  the  railroad  in  the  northwest  comer  of  the  county  it 
is  1  mile  wide. 

The  top  of  the  ridge  throughout  the  county  is  generally  covered 
with  buff-gray  to  yellowish  loess.  This  is  underlain  by  coarse  gravel, 
which  in  places  has  become  cemented  into  a  compact  conglomerate. 

In  the  northern  part  of  Craighead  County  the  eastern  slope  of  the 
ridge  is  more  gentle  than  on  the  western  side.  The  western  slope  is 
very  precipitous  and  affords  a  better  opportunity  for  the  study  of 
the  stratigraphy  of  the  ridge. 

The  following  section,  obtained  4  miles  west  of  south  of  Lorado,  in 
Craighead  County,  affords  the  best  exposure  of  the  Tertiary  in  the 
county: 

Srction  4  mih'8  west  of  south  of  Lorado,  on  the  old  Willwm  Lane  place, 

Feet. 

Yellowish  to  Indian  red  clay  on  tob  of  ridge 40 

(>)arse  gravel  (Lafayette) 2-  8 

Vor>'  hard,  coarse-grained  white  simd^tone,  which  in  places  has 

become  a  quartzite 16 

Viiriegated  cros8-bedded  sands  inter  bedded  with  Ptratilied  clays..        15 
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A  continuation  of  the  Tertiary  strata  in  Crowleys  Ridge  is  given 
below,  in  a  general  record  of  the  deep  wells  at  Jonesboro : 

Record  of  deep  wells  at  the  city  water  plajit,  Jonesboro. 

Ft.    In. 

Red  clay  (loess) 20 

Gravel,  mixed  with  red  clay 4 

Joint  clay 10 

Coarse  yellow  sand 10 

Pipe  clay 25 

Gumbo 10 

Sand,  very  fine  on  top,  grading  downward  into  coarse  sand  and 

gravel,  water  bearing 60 

Very  tough  gumbo 50 

Blue  mud  with  iron  concretions,  extending  downward  to  1,200 
feet. 

CLAY  INDUSTRY. 

Jonesboro  and  vicinity. — The  brick  industry  of  Craighead  County 
is  confined  to  the  vicinity  of  Jonesboro,  on  Crowleys  Ridge,  where 
five  plants  have  been  established  for  the  manufacture  of  wet-mud 
and  dry-pressed  bricks. 

The  following  is  an  analysis  made  from  one  of  the  brick  clays 
at  Jonesboro. 

Analysis  of  brick  earth  from  the  surface  at  Jonesboro. 

[Dried  at  IIO'-IIS"  C.    Brackett  A  Smith,  analysts.] 

Silica  (SiOj) 79.49 

Alumina  (AI3O3) 8. 71 

Iron  (FeaOj.) 3.43 

Lime(CaO) 1 

Magnesia  (MgO).  [(by  difference) 2. 10 

Alkalies J 

Manganese  (MnO) 2. 44 

Loss  on  ignition 3. 83 

100.00 
Air-dried  sand  in  air-dried  clay 33. 40 

Jonesboro  Brick  Company, — One  of  the  largest  plants  in  the  State 
is  that  of  the  Jonesboro  Brick  Company,  where  soft-mud  and  dry- 
pressed  bricks  are  made.  The  machines  for  molding  the  two  kinds 
of  bricks  are  placed  under  the  same  shed  and  run  by  a  central  power 
plant. 

The  clay  used  for  the  dry  press  is  loaded  into  carts  at  the  pits  by 
hand  and  drawn  to  the  dry  shed,  where  it  is  permitted  to  remain  for 
months  before  it  is  made  into  bricks.  When  sufficiently  tempered 
it  is  molded  into  bricks  and  set  in  the  kiln.  The  capacity  of  the  ma- 
chine is  20,000  bricks  a  day.  The  bricks  are  burned  in  stationary 
uf)-draft  kibis,  and  it  requires  twelve  to  fourteen  days  to  bum  them. 
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WIkmi  thoroughly  biiniod  tho  bricks  are  of  a  cherry-red  color  and 
are  considered  substantial. 

The  wet-mud  machine  has  a  capacity  of  30,000  a  day,  but  it  recjuires 
just  twice  the  number  of  men  to  o|)erate  it. 

The  clay  used  for  making  the  wet-mud  bricks  is  the  same  as  tliat 
used  in  the  dry-press  machine,  except  it  is  not  stored  in  sheds  and 
tempered  before  it  is  used.  It  is  hauled  fn)m  the  pit  in  carts  and 
dumped  into  small  cars,  which  are  drawn  up  an  incline  by  means  of 
a  wire  rope  attached  to  a  lai'ge  drum.  The  cars  are  unloaded  into  a 
bin  and  fed  into  the  machine  by  means  of  a  belt  with  cups  upon  it. 
The  I)ricks  are  removed  from  the  machine  and  dried  on  pallets  in  cov- 
ered racks.  It  recjuires  from  four  to  six  days  for  drying,  and  seven 
to  nine  days  for  burning.  Staticmarj''  up-<lraft  kilns  are  used.  Wood 
Is  used  exclusively  for  burning. 

Barton  Lumber  and  Bri^Jc  Company. — On  the  lot  adjoining  the 
Jon(»sboro  Brick  Company's  plant,  near  the  depot  of  the  Jonesboro 
and  Lake  City  Railroad,  is  the  plant  of  the  Barton  Lumber  and  Brick 
Company,  where  both  wet-mud  and  drj^-pressed  bricks  are  made. 
Th(»  bricks  are  molded  by  steam  and  the  wet  mud  is  dried  by  air  in 
covered  racks.  They  are  bunied  in  ujvdraft  clamp  kilns,  and  require 
about  eight  days  for  burning.  A  kiln  that  is  built  34  bricks  high  is 
bunied  until  it  settles  about  8  inches. 

Saxe  Brick  and  Tile  Company, — At  the  time  it  was  visited  in  June, 
11)05,  th(».  plant  of  the  Saxe  Brick  and  Tile  Company  was  under  con- 
struction. When  completed  the  i)lant  will  have  a  capacity  of  10,000 
4-iii(h  til(»  a  day,  or  its  eciuivalent.  Tile  will  be  the  principal  product 
if  it  can  be  made  from  the  clay.  Both  soft-  and  stilf-mud  machinery 
Jiavc  be(»n  installed.  The  American  (May  Worker  end-cut  automatic 
iniicliine  has  been  erected  for  making  stiff-mud  bricks  and  tile.  Both 
optMi-air  and  steam-heating  sheds  will  be  used  for  diying  the  product. 
Down-draft  clamp  kilns  are  to  be  used,  wood  and  coal  serving  as  fuel. 

Patrick  Brothers  Brick  Company.- -Thvt  i)lant  of  the  Patrick  Broth- 
ers Brick  Company  was  esta})lished  in  1905  for  the  manufacture  of 
soft-mud  building  bricks.  The  bricks  are  made  from  the  common. 
surface  reworked  loess  (day.  Tlu»y  are  dried  in  the  oj)en  air  by  means 
of  tlie  pallet  and  rack  system.  It  recjuires  from  six  to  nine  days  for 
(hying  and  from  six  to  seven  days  for  burning.  Wood  is  used  for 
burning.  The  capacity  of  the  machine  is  12,()()()  to  15,000  bricks  a 
(lay.  The  size  of  the  green  bricks  is  9  by  4j}  by  2\  inches.  The  total 
shrinkage  in  drA'ing  and  burning  is  J  by  i  by  \  inch. 

Lor/an  ct  Collan^  plant. — No  particular  of  the  i^ogan  &  Collans 
brick  plant  were  obtained. 
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CRAWFORD   COUNTY. 

GENERAL  GEOLOGY. 

The  general  geology  of  Crawford  County  is  similar  in  the  main  to 
that  of  Franklin  County  on  the  east  and  to  that  of  Sebastian  County 
on  the  south.  The  southern  part  of  the  county — a  little  more  than 
half  of  it — is  covered  by  the  upper  division  of  coal-bearing  rocks  of 
the  Carboniferous  system.  The  northern  part  is  made  up  of  rocks 
that  underlie  the  coal-bearing, beds.  Most  of  the  rocks  of  the  northern 
part  of  the  county  dip  gently  toward  the  south.  The  coal-bearing 
rocks  are  chiefly  sandstones  and  shales,  and  the  valuable  clays  of 
the  county  are  to  be  looked  for  in  these  clay  shales  or  in  the  clays 
formed  by  their  disintegration.  Other  kinds  of  clays  of  later  age 
that  are  spread  over  the  lowlands  will  be  spoken  of  under  the  head 
of  brick  clays. 

In  sec.  24,  T.  9  N.,  R.  32  W.,  the  following  geologic  section  is 
exposed  along  Arkansas  River  in  the  hills  north  of  the  town  of  Van 
Buren. 

Section  in  hills  north  of  Van  Buren. 

Feet. 

Gray  sandstone  on  hilltop 20 

Slaty  shales 120 

Hard  gray  sandstone 20 

Dark  slaty  shales 170 

Sandstone 4 

Dark  shale  at  base. 

Especial  attention  is  directed  to  this  section  as  showing  the 
enormous  thickness  of  the  shales  of  Crawford  County  in  the  vicinity 
of  Van  Buren,  on  the  very  banks  of  Arkansas  River.  The  impor- 
tance of  the  section  and  the  thickness  of  the  shales  will  be  seen  when 
it  is  realized  that  many  of  these  shales  are  available  for  the  manu- 
facture of  paving  bricks,  sewer  pipes,  and  certain  fire-clay  products 
It  should  be  remembered  also  that  these  same  beds  spread  over  a 
considerable  part  of  Crawford  County. 

One  other  section  may  be  given  as  a  type  of  Crawford  County 
rocks  and  their  sequence.  This  secticm  is  on  the  east  part  of  the 
hill  in  the  SW.  1  sec.  12,  T.  10  N.,  R.  29  W. 

Section  in  SW.  {  sec.  12,  T.^  10  N.,  R.  J9  W. 

Feet. 

Brown  sandy  shale 15 

Flaggy  sandstone 10 

Sandy  shales 10 

Thin-bedded  sandstone 10 

Sandy  shale 5 

Massive  sandstone 10 

Concealed 40 
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Foet. 

Dark-gray  sliale * 20 

( 'uinpaot  sandstone 20 

Shale 20 

Concealed  to  the  creek  l)od 80 

Some  of  the  shales  in  the  above  section  aiv  sandy,  but  sandy 
shal(»s  are  liable  to  become  ai'jrillat^eous  as  the  l)ed8  are  traced  from 
one  locality  to  another. 

CLAY  DEPOSITS. 

('/uiracter  of  mat  trial, — Especial  emphasis  should  be  laid  upon  the 
fact  that  the  value  of  the  clay  shales  of  Crawford  County  is  untested. 
Not  long  ago  it  was  supposed  that  only  plastic  clays  were  available 
for  the  manufacture  of  paving  bricks.  The  experience  of  the  brick- 
niakei-s  of  Fort  Smith,  Ark.,  as  well  as  that  of  manufacturers  at 
Cheltenham,  Mo.,  and  other  places,  shows  that  many  shales  are 
available  for  brickmaking  when  properly  treated.  The  localities 
in(»ntioncd  here  must  not  therefore  be  regarded  as  the  only  ones  in 
th(»  county,  or  even  the  most  important  (mes.  They  are  merely  a 
few  beds  that  were  noted  in  the  coui-se  of  work  done  along  other 
lin(»s  of  investigation.  The  notes  on  clays  in  section  10  are  by  C.  E. 
Siebenthal;  the  remaining  notes  on  the  clays  of  Crawford  County 
an*  by  William  Kennedy. 

FhtHtic  clays. — A  plastic  cream-colored  clay,  somewhat  iron 
stained,  was  found  in  digging  a  well  in  the  SW.  J  SW.  J  sec.  10, 
T.  10  N.,  R.  30  W.,  on  George  Meador's  place.  The  bed  is  said  to 
l)(>  al)()ut  S  feet  thick.  The  same  clay  is  said  to  occur  in  uianv  of 
tlu*  wells  in  this  section.  It  was  formerly  used  for  the  manufacture 
of  smoking  pipes. 

A  bluish-mottled  plastic  clay  is  (exposed  in  the  NPi.  }  SW.  J  sec.  8, 
T.  ION.,  R.  30  W. 

Fire  chys, — The  disintegrated  shales  exposed  in  the  various 
localities  in  the  neighborhood  of  Alma  afford  a  material  suitable  for 
the  manufacture  of  articles  requiring  a  clay  of  rather  high  fusing 
j)()int. 

Xear  Fine  Spring,  in  the  NE.  \  SW.  \  sec.  1<S,  T.  10  N.,  R.  30  W., 
lh(»  clay  is  divided  into  an  u])per  bed  of  yc^llow  clay,  4  inches  thick, 
ovcM'lying  a  bed  of  dark-blue  clay.  The  thickness  of  this  blue  clay 
is  not  known,  but  it  is  said  to  have  been  dug  into  by  Mr.  W.  M. 
flames,  the  owner  of  the  land,  to  a  depth  of  7  feet. 

This  same  kind  of  clay  is  also  found  in  the  E.  i  XW.  i  SE.  J  sec.  18 
and  the  XW.  }  SW.  J  sec.  17  of  the  same  township  and  range.  The 
deposit  at  Fine  Spring  is  in  the  side  of  a  hill,  and  is  so  covered  with 
detritus  as  not  to  be  visible  without  digging.  This  detritus  consists 
for  the  most  part  of  blocks  of  sandstone  and  shaly  fragments  derived 
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from  beds  overlying  the  clay.  These  overlying  beds  have  a  thick- 
ness of  more  than  50  feet. 

To  obtain  this  clay  it  will  be  necessary  to  resort  to  mining.  The 
thickness  of  the  material  will  favor  this,  and  there  is  an  abundance 
of  timber  in  the  neighborhood  for  mining  purposes.  It  is  not  possible 
at  present,  however,  to  foresee  the  depth  to  which  the  soft  clays  may 
reach  before  assuming  their  normal  condition  as  shales.  The  deposit 
lies  within  2  J  miles  of  Rudy  station,  on  the  St.  Louis  and  San  Fran- 
cisco Railroad,  and  5  miles  from  Alma,  on  the  St.  Louis,  Iron  Mountain 
and  Southern  Railway.  This  clay  is  said  to  have  been  tested  at  St. 
Louis  and  at  Fort  Smith,  but  no  satisfactory  information  could  be 
gained  regarding  the  parties  interested  in  or  making  the  tests.  The 
dark  clay  has  been  tested  in  the  laboratory  of  the  Arkansas  Geolog- 
ical Survey  for  loss  in  burning.  The  clay  burned  to  a  whitish-yellow 
color  and  the  loss  due  to  the  burning  amounted  to  9.71  per  cent. 

Van  Buren  days. — The  most  valuable  soft  clays  at  and  around 
Van  Buren  are  those  formed  by  the  disintegration  of  the  Carbonif- 
erous shales.  The  localities  mentioned  below  are  the  ones  at  which 
the  deposits  appear  to  be  most  suitable  and  most  advantageously 
situated  for  working. 

About  3  miles  northeast  of  Van  Buren,  in  the  SW.  \  NW.  \  sec.  16, 
T.  9  N.,  R.  31  W.,  close  to  Hendrick's  coal  opening,  is  a  light-blue 
clay  which  bums  to  a  bright  yellow.  Small  test  pieces  of  ware 
said  to  have  been  made  from  this  clay  show  good,  sound  texture 
and  a  bright  yellow  color.  No  definite  information,  however,  could 
be  obtained  regarding  the  parties  who  made  these  tests 

The  bed  varies  in  thickness  from  18  inches  to  6  feet.  The  clay 
was  tested  for  brickmaking  purposes  at  Fort  Smith  by  Pendell  & 
Morrison  for  Mr.  L.  D.  Middleton.  Eleven  carloads  of  this  clay  were 
manufactured  into  4,500  bricks,  which  were  used  by  Mr.  Middleton 
to  line  his  limekiln  at  Fayetteville.  The  limekiln  was  kept  burning 
for  twenty-seven  consecutive  days.  At  the  end  of  that  time  the 
bricks  were  examined  and  found  in  perfect  order,  though  highly 
vitrified.  In  the  manufacture  of  these  bricks  Messrs.  Pendell  & 
Morrison  were  troubled  by  the  stickiness  of  the  clay,  and  in  order  to 
work  it  in  their  machine  were  obliged  to  mix  with  it  the  sandy, 
brownish-yellow  clay  used  in  making  their  ordinary  building  brick. 
No  definite  proportion  was  observed  in  the  mixture,  however,  only 
enough  of  the  sandy  clay  being  added  to  render  the  material  workable. 

Analyses  of  the  clays  used  in  making  these  bricks  are  given  below. 

Aruilyns  of  clay  from  SW.i'NW.  \  sec.  16,  T.  9  N.,  R.  SI  W. 

[Brackett  &  Smith,  analysts.] 

Sil ica  ( SiOj) 64. 63 

Alumina  ( AljOg) ^\ AY 

Iron  (ferric)  oxide  (FejOj) %.'\Y 
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Liirn*  (CaO) O.  31 

Magnesia  (Mg()) 41 

Potash  (K2O) 2. 03 

S(Hla(Xa,0) 94 

Ix)9s  on  ignit  ion <>.  52 

102. 2« 

Sand  in  siMH'inirn,  vitv  linr 3. 43 

Water  at  ll()°-l  lO'^  ('..* 3.02 

The  following  analysis  <jjiv(»s  the  combination  of  the  sandy  clay 
iiiixod  with  the  above,  obtained  from  Messi*s.  Pemlell  &  Morrison'^ 
brickyard: 

AmdijidH  of  cUiy  from  Prndfll  dr  Morrison  h  ijard.  Fort  Smith. 
[Hrackotl  tV  Smith.  iiinilyNts.J 

SiUca  (SiO;^) 7«.  26 

Alumina  (AI.O3) H.  74 

Iron  (ferric)  oxi(l(?  ( Vv^).^ ) 4.  54 

Lime  (CaO) 39 

Magnesia  (MgO) 79 

Potash  (K.^0) 1. 28 

So<la  (Na^O) 98 

Low  <m  ignition 3.  82 

99.80 

Sand 47. 79 

W  at  r  r  a  t  1 J  0°  - 1 1 5*^  C 3.71 

Tlie  clay  from  Van  Buren  is  said  to  hav(»  been  tested  by  the  Laclede 
Company  at  ChelUmham,  Mo.,  and  by  the  Clinton  Pottery  Company 
at  Clinton,  Mo.,  but  the  results  of  the^se  U^sts  have  not  been  asce^ 
tained. 

On  Bridgets  place,  in  the  SE.  {  NW.  i  sec.  30,  T.  10  N.,  R.  32  W„ 
about  {^  miles  from  Lily  station  on  tlu^  St.  Louis  and  San  Francisco 
Railroad,  is  a  liglit-blue  clay  whicli  burns  to  a  yellow. 

Mr.  Meyei"s  sent  some  of  this  clay  to  St.  Louis,  where  it  was  made 
into  biscuit  ware  for  decorative  purposes.  The  ware  has  a  bright 
yellow  color.  The  name  of  the  manufacturer  of  the  ware  could  not 
be  l(»arned. 

Clay  from  this  locality  is  said  to  have  hovn  t(»sted  at  St.  Louis,  by 
the  Clinton  Potteiy  Company  at  Clinton,  Mo.,  and  by  Messrs.  Sailor 
<S:  Bevens  at  Wcnr  City,  Kans.,  the  last-named  firm  having  used  it 
for  the  manufacture  of  retorts.     The  analysis  is  given  below. 

Atudysis  of  day  froui  BHdyc'ft  placr,  far.  M,  T.  1()  N.,  It.  S2  W, 

(MrMckrtI  tV  Smith,  imalysts.J 

Silica  { SiOo) G7.-  64 

Alumina  (AloOg) 21.  57 

Ferric  oxide  (Fe^O.,) 2. 48 

Lime(CaO) 27 


CRAWFORD   COUNTY.  69 

Magnesia  (MgO) 0. 62 

Potash  (KoO) 1. 63 

Soda(Na^6) '. 57 

Loss 5.-53 

100.31 
Sand. 
Water  at  110°-115°  C 2.85 

The  same  class  of  clay  is  said  to  have  been  found  in  wells  in  the 
E.  i  N.  i  SW.  }  sec.  36,  and  also  in  a  well  10  feet  deep  in  the  E.  i 
NW.  }  sec.  31,  T.  10  N.,  R.  31  W.,  where  it  is  reported  to  be  4  feet 
thick. 

An  excavation  made  in  the  SE.  }  NE.  J  sec.  17,  T.  9  N.,  R.  31  W., 
by  J.  L.  Rea,  in  prospecting  for  clay  similar  to  that  found  on  the 
western  side  of  sec.  16,  passed  through  about  10  feet  of  Carboniferous 
shales,  but  encountered  no  soft  clay. 

In  digging  foundations  for  a  house  on  Mrs.  Moore's  farm,  near 
Lees  Creek,  in  sec.  15,  T.  9  N.,  R.  32  W.,  a  fine  white  clay  was  dis- 
covered under  the  creek  bottom  land.  On  the  road  from  Van  Buren 
to  Dora  station  there  are  several  exposures  of  yellow  clay,  in  places 
overlain  by  red  clay.  At  Mrs.  Moore^s  house  and  along  the  northern 
half  of  the  southeast  quarter  of  the  section  the  red  clay  overlying  the 
yellow  has  an  average  depth  of  abdut  2  feet. 

In  the  NE.  J  SW.  }  sec.  17,  T.  9  N.,  R.  32  W.,  a  well  10  feet  deep 
passed  through  18  inches  of  fine  gray  clay  at  the  bottom  of  the  well. 

In  the  SW.  }  NE.  }  sec.  30,  T.  9  N.,  R.  31  W.,  the  underlying  clay 
is  mottled,  and  has  a  thickness  of  3  feet.  On  the  east  side  of  the  hill 
on  which  Mr.  Meyers's  house  is  situated  a  stiff  dark-red  clay  overlies 
the  mottled  clay.  This  red  clay  is  similar  in  appearance  and  texture 
to  that  in  the  N.  J  SE.  }  sec.  15,  T.  9  N.,  R.  32  W.  * 

Near  the  Van  Buren  freight  depot  of  the  St.  Louis  and  San  Fran- 
cisco Railroad  the  blue  and  red  clays  rest  directly  upon  black  shale. 

In  the  SE.  i  SW.  J  sec.  18  and  the  SW.  i  NE.  i  sec.  19,  T.  9  N.. 
R.  31  W.,  the  railroad  cuts  expose  a  brown  clay  resting  upon  a  mot- 
tled red  and  yellowish-white  clay. 

Brick  clays. — At  the  western  end  of  the  town  of  Alma  there  is  an 
area  covered  by  a  brownish  brick  earth  showing  in  places  a  depth  of  5 
to  7  feet.  It  lies  in  T.  9  N.,  R.  30  W.,  in  the  following  sections :  SW.  i 
SW.  i  sec.  5;  SE.  }  SE.  }  sec.  6;  the- greater  part  of  E.  i  sec.  7;  the 
west  side  of  sec.  8;  and  the  land  extending  southward  to  the  creek  in 
the  SW.  }  NW.  i  sec.  17. 

In  the  SW.  \  NW.  J  sec.  17  the  brownish-yellow  brick  earth  is 
underlain  by  a  yellowish-blue  clay,  which  rests  upon  Carboniferous 
shale.  Both  clays  contain  nodules  of  iron,  which  become  more 
plentiful  toward  the  base  of  the  beds. 
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From  the  eastern  end  of  the  town  of  Alma  to  Dyer  station,  in  sec. 
36,  T.  10  N.,  R.  30  W.,  on  the  St.  Louis,  Iron  Mountain  and  Southern 
Raihvay,  this  brownish-yellow  brick  earth  lies  on  both  sides  of  the 
railway  track.  At  Dj^er  it  has  a  yellowish  color.  It  is  exposed  in 
the  cuts  east  of  Dyer  as  far  as  Mulberr>\ 

No  bricks  are  made  at  Alma.  In  1886  two  or  three  kilns  were 
made  from  the  brick  earth  in  sec.  9  for  hwal  use  by  Hon.  M.  F,  Locke. 
They  were  hand  made  and  burned  to  a  gray  color  and  are  spotted 
with  iron. 

The  fuel  used  at  Alma  is  chiefly  wood,  but  coal  can  easily  be 
obtained  from  SuUivant's  mine,  2  miles  from  town.  Wood  raniKfs 
in  price  from  $1.25  to  $2  a  cord,  and  coal  costs  $2.50  a  ton  delivered. 

On  the  west  bank  of  Clear  Creek,  at  the  plac*.e  where  it  is  crossed 
by  the  St.  Louis,  Inm  Mountain  and  Southern  Railway,  1 J  miles  west 
of  Alma,  the  following  section  is  exposed: 

Sfctinn  on  Clear  (Vak,  nmr  Alma. 

Yellow  brick  clays. 

Mottled  fawn  colored  and  yellow  clay. 

\Vat<*rwom  cobbh^H. 

Hlack  shaleH  of  the  "Coal  Mea.MureH." 

The  yellow  and  mottled  clays  .of  this  section  aggregate  about  25 
f(»et  in  thickness.     These  clays  become  thinner  west  of  Clear  Creek. 

Bricks  w^re  formerly  made  at  Van  Buren,  but  work  there  has  been 
discontinued.  They  were  manufactured  from  a  brow^nish  clay  found 
lying  between  the  line  of  the  St.  Louis  and  San  Francisco  Railroad 
and  the  shale  escarpment  to  the  west.  This  ground  lies  chiefly  in  the 
SP:.  i  sec.  24,  T.  9  N.,  R.  32  W.,  and  the  SW.  }  sec.  19,  T.  9  N.,  R. 
31  W.  The  clays  used  for  brickmaking  are  similar  to  clays  in  other 
districts  in  the  western  part  of  the  State.  The  beds  are  divided  by  a 
colored  line  into  an  upper  and  a  lower  division.  The  lower  division 
is  darker  and  contains  more  iron  than  the  upper.  This  upper  divi- 
sion is  a  light-brown  sandy  clay  and  is  about  2  feet  thick  in  the 
vicinity  of  Van  Buren. 

CRITTENDEN   COUNTY. 

Crittenden  County  lies  entirely  in  the  overflowed  land  of  the  Missis- 
sippi, its  surface  standing  but  a  few  feet  above  low-water  mark  along 
the  liver.  The  low^est  point  along  the  Kansas  City,  Fort  Scott  and 
Memphis  Railroad  (Frisco  System)  between  Memphis  and  Decker- 
ville  is  223  feet  and  the  highest  point  228  feet  above  sea  level. 

The  surface  of  the  county  is  marked  by  small  lakes,  abandoned 
stream  channels,  and  sluggish  streams.  Nc^ar  Marion,  Grassy  Lake, 
and  other  places  there  are  deep  depressions,  doubtless  representing 
former  channels  of  the  Mississippi.  The  one  north  of  Marion  is  about 
1  mile  wide  and  has  trees  growing  in  it  3  to  4  feet  in  diameter.     The 
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oxbow  shape  of  the  depression  and  its  continuation  across  the  country 
indicate  that  it  is  an  old  river  channel  and  not  simply  a  depression. 

The  old  channel  at  Grassy  Lake  is  about  1  mile  wide  and  the  level 
of  the  water  is  20  feet  or  more  below  the  level  of  the  country  at 
Crawford  ville. 

Most  of  the  soil  of  the  county  is  composed  of  sand  and  silty  cIslj, 
•  resulting  from  repeated  overflows  of  Mississippi  River.  At  no  place 
is  the  material  suitable  for  making  common  bricks  unless  the  yellow- 
ish surface  loam  that  occurs  at  a  few  places  near  the  center  of  the 
county  may  be  used  for  this  purpose.  Crawfordville  and  Earl  are 
situateil  on  small  ridges  which  are  said  to  extend  in  a  northeast- 
southwest  direction.  The^se  ridges  contain  at  the  surface  a  thin 
surface  loam  which  is  somewhat  similar  to  the  yellow  loam  in  the 
prairie  lands  west  of  Crowleys  Ridge. 

At  present  no  bricks  are  manufactured  in  the  county. 

CROSS   COUNTY. 

GENERAL  GEOLOGY. 

Crowleys  Ridge  extends  through  Cross  County  near  the  center  in  a 
north-south  direction.  The  eastern  half  of  the  county  is  a  low  bottom 
country  traversed  by  St.  Francis  River  and  St.  Francis  Bayou.  Al- 
most the  entire  area  east  of  the  ridge  is  covered  by  alluvial  deposits. 
St.  Francis  Bayou  hugs  the  foot  of  Crowleys  Ridge,  which  forms  a 
steep  erosion  scarp  across  the  county. 

The  geology  of  the  county  is  best  studied  along  the  steep  eastward- 
facing  bluffs  of  Crowleys  Ridge.  The  lower  Tertiary  strata  outcrop  at 
the  base  of  the  ridge  and  extend  65  to  75  feet  up  its  sides;  above  this 
comes  18  to  20  feet  of  waterwom  pebbles  and  coarse  sand,  which  cor- 
responds to  the  Lafayette  of  Mississippi  and  Tennessee,  and  is  but 
roughly  stratified.  This  in  turn  is  overlain  by  loess,  with  a  maximum 
thickness  of  50  to  60  feet. 

The  following  is  a  section  along  the  creek  east  of  Wynne,  at  a  point 
three- fourths  of  a  mile  southeast  of  the  3-mile  post  on  the  railroad : 

Se/^tion  ,1  miles  east  of  Wynne. 

1.  T/>e8a  capping  tdp  of  hill;  in  places  stratified  and  containing 

numerous  lime  concretions  and  land  shells;  lower  5  feet  con- 
tains sand  and  pebbles  derived  from  underlying  Lafayette. . .        1 8 
Unconformity;  top  of  Tertiary. 

2.  Coarse  oxidized  sands  and  pebbles,  which  correspond  to  the 

Lafayette  of  Mississippi  and  Tennessee 18 

3.  Gray  to   lemon-colored    sand,   with  thin  layers  of    pale-gray 

sandy  clay ' 20-22 

4.  Brown  lignite  and  lignitic  clay 1 

5.  Clay  sand  similar  to  No.  4 8 

6.  Landslide,  which  has  covered  the  rest  of  the  hillside  to  base 

bluff ^ 
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The  bed  of  the  creek  one-half  mile  north  of  the  above  locality  is  65 
feet  below  the  top  of  the  Tertiary  beds  in  the  above  section.  The  Ter- 
tiary strata  of  the  section  at  the  creek  for  30  feet  above  the  water, 
forniing  a  continuous  section  with  the  one  given  above,  consist  of  dark- 
blue  clay  interstratified  with  coarse  sand,  which  contains  large  iron 
concretions  1  foot  or  more  in  diameter.  Besides  the  iron  there  are 
numerous  smaller  lime  concretions.  The  blue  clay  where  exposed  in 
the  bluff  sloughs  off  in  large,  vertical  slabs.  It  contains  more  or  less 
mica,  selenite,  and  alum  salts.     Thickness,  30  to  35  feet. 

On  the  west  side  of  Crowleys  Ridge  the  slope  is  more  gentle  and  the 
Tertiary  strata  are  covered  by  talus  from  the  ridge.  The  surface  ma- 
terial in  the  adjacent  level  land  is  gray  to  yellowish  sandy  clay,  which 
is  used  for  brick  manufacture.  In  the  town  of  Wynne  this  surface 
clay  is  penetrated  in  the  wells  at  a  depth  of  40  feet. 

CLAY  DEPOSITS. 

The  most  important  clay  in  the  county  is  the  common  brick  clay. 
The  loess  and  yellow  loam  on  the  top  and  the  west  slope  of  Crowleys 
Kidge  form  an  inexhaustible  supply  of  common  wet-mud  and  pressed- 
brick  clays. 

One  mile  east  of  Wynne  the  following  section  in  the  railroad  cut 
shows  the  variation  in  the  color  and  character  of  the  loess: 

Section  in  railroad  cut  J  mile  east  of  Wynne. 

'Feet. 

Light-gray  to  buff  loess 10 

Reddish  loess  containing  fine  sand 20-30 

Wliite  loess  with  more  or  less  scattered  pebbles  and  sand 5-10  . 

The  reddish  loess  would  doubtless  be  better  adapted  to  the  manu- 
facture of  brick  than  the  upper  or  lower  layer.  It  contains  a  large 
amount  of  iron  oxide  and  would  bum  to  a  bright  red.  Where  the 
calcareous  loess  is  used  without  mixing  it  with  sandy  clays  there  is 
great  danger  of  getting  the  bricks  too  soft  by  adding  too  much  water. 

There  is  a  bed  of  good  sewer-pipe  and  tile  clay  at  the  base  of  a  sec- 
tion in  the  Tertiary  of  Cross  County  near  the  village  of  Cherry  Valley. 
The  locality  is  in  the  NE.  }  NW.  J  sec.  23,  T.  9  N.,  R.  3  E.  The  clay 
is  exposed  in  the  bottom  of  the  creek  to  a  depth  of  3  feet,  and  extend 
dowiiward  to  an  unknoAMi  depth.  It  is  a  fine  light-drab  clay,  imctu- 
ous  to  the  touch  and  apparently  suited  to  the  manufacture  of  sewer 
pipe.  It  is  more  like  potter's  clay  than  any  other  clay  that  has  been 
found  in  the  Crowleys  Ridge  country.  There  is  a  similar  deposit  at 
the  l)ase  of  the  section  exposed  at  Double  Head  Bhiff  in  St.  Francis 
County,  near  the  water  level.  The  locality  is  in  the  NW.  J  NW.  i  sec. 
18,  T.  5  N.,  R.  4  E.  It  is  much  thicker  here  than  at  Cherry  Valley, 
on  tlie  opposite  side  of  Crowleys  Ridge,  and  it  is  possibly  identical 
with  it.  Neither  of  these  clays  are  fire  clays  and  could  not  be  success- 
fully used  for  fire  brick. 
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clay  industry. 

The  plant  of  the  Wynne  Brick  Company  is  located  at  the  foot  of 
Crowleys  Ridge,  about  one-half  mile  east  of  the  station  at  Wynne. 
The  reworked  clay  from  the  ridge  is  used  in  the  manufacture  of  brick. 
Common  soft-mud  bricks  are  made,  which  are  pugged  and  molded  by 
machinery.  They  are  dried  under  covered  racks  in  the  open  air. 
Up-draft  scove  kilns  are  used  for  burning  the  bricks.  The  kilns  hold 
from  100,000  to  250,000  bricks.  It  requires  about  eleven  days  to 
bum  the  brick,  using  one-fourth  of  a  cord  of  wood  and  one-half  ton  of 
coal  per  thousand  bricks.  The  clay  is  very  easily  overbumed.  Near 
the  eyes  in  the  kilns  the  bricks  are  often  burned  to  a  vitreous  mass, 
while  on  the  outer  edges  they  are  not  burned  hard  enough.  The 
loss  in  burning  and  hauling  is  estimated  by  the  superintendent  to  be 
about  one-third.  The  size  of  the  molds  used  at  this  plant  is  9  by  4J 
by  2  J  inches.  When  burned  the  bricks  measure  about  8  by  4  by  2  J 
inches. 

The  water  used  for  the  boiler  comes  from  a  bored  well  250  feet  deep. 
It  stands  within  100  feet  of  the  surface. 

DALLAS   COUNTY,  a 

GENERAL  GEOLOGY. 

Dallas  County  is  in  the  south-central  part  of  the  State,  entirely 
within  the  Tertiary  area.  The  rocks  here,  as  in  other  portions  of  the 
Tertiary  area,  are  soft,  horizontally  bedded  clays,  sands,  and  brown 
coals,  variously  interstratified,  the  whole  overlain  by  coarse  sand  and 
gravel  of  varying  thickness.  The  northwest  quarter  of  the  county  is 
the  highest,  and  from  this  Region  the  surface  slopes  eastward  and 
southward.  The  topography  is  of  the  undulating  character  that  is 
common  in  regions  covered  with  soft  and  easily  eroded  strata. 

CLAY  DEPOSITS. 
CHARACTER   OF   THE   CLAYS. 

Potter's,  fire,  and  brick  clays  are  found  in  Dallas  County  in  practi- 
cally unlimited  quantities.  That  the  potter's  clay  is  of  good  quality 
is  shown  by  the  fact  that  the  ware  made  from  this  clay  compares 
favorably  with  that  made  from  clays  worked  at  other  localities.  It 
has  been  used  locally  to  a  small  extent  as  fire  clay  in  laying  up  fur- 
naces, etc.  It  has  also  been  used  as  a  whitewash,  and  when  so  used  it 
gives  a  smooth  coat  of  a  pleasing,  slightly  bluish  tint.  For  such  pur- 
poses it  is  dissolved  in  buttermilk  and  boiled,  and  it  is  claimed  that  the 
composition  furnishes  about  as  durable  a  coating  as  that  made  with 
lime. 

•  The  matter  relating  to  Dallas  County  is  taken  almost  entirely  from  C.  E.  Siebenthars  report  on  this 
oounty  In  Ann.  Rept.  Geol.  Survey  Arkansas  for  1891,  pp.  278et  seq. 
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It  has  been  found  that  potteries  here  can  not  compete,  except  in 
local  markets,  with  potteries  that  are  situated  on  railways  and  that 
work  clay  equally  good.  The  future  of  the  pottery  industry  in 
Dallas  County  therefore  depends  on  facility  of  transportation  of  the 
j)roduct  to  markets. 

CLAY    BEDS    WORKED. 

Since  the  stratigraphy  of  these  clays  has  not  been  worked  out  in 
sufficient  detail  to  permit  their  discussion  in  natural  sequence,  it  is 
})erhaps  best  first  to  describe  in  detail  those  beds  which  have  at  one 
time  or  another  been  opened  and  worked,  together  with  those  of  which 
the  clays  have  been  analyzed,  and  afterward  to  take  up  the  miscella- 
neous outcrops  and  well  records. 

Butler  day. — The  first  clay  bed  opened  in  Dallas  County  was  prob- 
ably that  which  became  known  as  the  Butler  bed.  This  bed  is  in 
sec.  4,  T.  8  S.,  K.  15  W.,  about  400  yards  east  of  the  southwest  sec- 
tion corner,  on  the  west  bank  of  a  head  of  East  Tulip  Creek,  at  an 
elevation  of  350  feet  above  sea  level.  Clay  has  not  been  taken  from 
this  pit  for  many  years,  and  the  only  traces  of  early  operations  are 
seen  in  a  hollow  that  was  scooped  out  of  the  creek  bank  and  has 
since  filled  with  debris.  In  a  gully  about  100  yards  north  of  this 
opening  4  feet  of  lignite  outerops  and  is  overlain  by  a  plastic  white 
clay,  similar  to  Tail's  clay,  which  occurs  about  one-half  mile  north 
of  tliis  place.  (See  p.  76.)  Clay  was  also  taken  from  an  old  field 
about  one-fourth  mile  south  of  the  opening  first  mentioned,  but  the 
old  pit  has  long  been  filled  with  debris. 

Cheatham  clay. — The  next  bed  opened  was  the  Cheatham  bed,  on 
Diy  Tulip  Creek,  in  the  NW.  }  NE.  J  sec.  22,  T.  8  S.,  R.  15  W.  The 
clay  was  worked  back  a  little  way  from  the  creek  on  a  small  drain, 
but  no  exposure  can  now  be  seen  on  account  of  the  d6bris  that  con- 
ceals the  bed.  On  the  creek  bank  about  100  yards  south  of  this 
locality  the  following  section  is  exposed  at  an  elevation  of  260  feet 
above  sea  level: 

Section  near  Cheatham's  upper  bed,  Dnf  Tulip  Creek. 

Feet. 

Soil  and  gravel 2 

Argillaceous  shaU^ 4 

Soft  sandstone , 3J 

Clay  and  shalt* 2 

Lignite 1 

Stiff  clay  (partly  concealed) 4 

Lignite 3-4 

White,  plastic  clay 5 

Clay  has  also  been  taken  from  a  bluff  on  the  west  side  of  the  creek 
one-lialf  mile  farther  south,  in  the  southwest  quarter  of  the  north- 
east quarter  of  the  same  section.     The  elevation  above  sea  is  255 
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feet.  From  6  to  8  feet  of  gray  joint  clay  is  exposed.  The  lignite 
bed  of  the  upper  bank  was  not  observed  here,  but  the  upper  part  of 
the  bluff  is  covered  with  d6bris.  The  clay  is  fine  grained,  with  some 
grit,  and  clings  strongly  to  the  tongue.  This  clay  has  been  used 
more  extensively  than  any  other  in  the  county  and  has  uniformly 
been  pronounced  good  by  potters. 

Bird  clay, — The  Bird  clay  bed  outcrops  on  a  hillside  near  one  of 
the  small  streams  flowing  from  the  south  into  Cox  Creek,  in  the 
NW.  J  N:p.  i  sec.  6,  T.  7  S.,  R.  15  W.  The  same  clay  outcrops  farther 
west,  aroimd  the  head  of  Cox  Creek,  and  farther  east  along  the 
breaks  of  the  hills  skirting  the  north  edge  of  Gum  Bottom.  The  por- 
tion of  the  bed  that  was  worked  stands  390  feet  above  sea  level,  but 
clay  of  apparently  the  same  quality  outcrops  in  places  in  the  drain 
all  the  way  up  to  the  elevation  of  440  feet."  This  would  indicate 
that  the  bed  is  about  50  feet  thick.  At  the  pit  about  15  feet  is 
exposed.  This  clay  is  said  to  have  the  disadvantage  of  being  diffi- 
cult to  dry  without  cracking.  This  fault  could  be  remedied  by  a 
judicious  admixture  of  other  clays.  When  freshly  exposed  the  clay 
is  light  bluish  in  color  and  very  plastic.  It  is  very  fine  grained  and 
contains  but  little  grit. 

Analysis  indicates  that  this  is  a  good  clay,  the  silica  and  alumina 
being  in  good  proportion  and  the  percentages  of  the  fluxes  very 
moderate.   . 

Welch  day,— This  bed  is  located  in  the  SE.  }  SW.  J  sec.  6,  T.  8  S., 
R.  15  W.  The  bed  stands  355  feet  above  sea  level,  making  it  corre- 
spond very  closely  in  elevation  with  the  Butler  clay,  described  above. 
The  bed  has  been  dug  into  for  7  or  8  feet,  and  the  quality  of  the  clay 
improved  and  its  color  became  lighter  as  greater  depth  was  reached. 
The  clay  occurs  in  angular  lumps,  is  light  bluish  gray  in  color,  and 
is  very  fine  grained,  with  little  grit.  Mr.  Welch  reports  that  the 
joint  spaces  are  filled  with  a  crystalline  substance  somewhat  resem- 
bling common  salt,  and  that  particles  of  this  substance  become 
embedded  in  the  ware  and  make  blisters  when  burning.  Samples  of 
ware  made  from  this  clay  are  hard  and  close  bodied.  It  bums  to  a 
gray  slate  color  when  perfectly  done,  the  softer  pieces  varying  from 
yellow  to  brown. 

Mr.  Welch  reports  that  he  is  finable  to  use  the  common  slip  glaze  on 
this  clay,  for  the  reason  that  the  heat  necessary  to  melt  the  glaze 
melts  the  ware  also,  and  that  he  is  compelled  to  glaze  with  common 
salt,  which,  however,  is  very  satisfactory.  The  ware  made  from 
this  clay  shows  to  some  extent  a  feature  mentioned  in  connection 
with  the  Bird  clay — a  tendency  to  crack  and  warp  in  the  dry  house. 

SuUenharger  clay. — The  Sullenbarger  clay  bed  is  in  the  NE.  }  sec. 
20,  T.  8  S.,  R.  15  W.  The  clay  was  used  by  Lafayette  Glass  in 
1870.     Nothing  can  be  seen  of  the  clay  used,  viisa  iVv^  ^^K*  \\»s.  Vsvi% 
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boon  filled  up,  but  about  200  yards  farther  north,  up  the  drain,  5  or 
6  feet  of  rather  dark  gray  clay  outcrops,  and  this  is  reported  to  be 
similar  to  that  used.  It  contains  considerable  sand,  and  although 
not  very  plastic  has  a  soapy  feel  when  nibbed  in  a  damp  state.  The 
ware  made  from  the  Sullenbarger  clay  is  thick  and  somewhat  por- 
ous. A  combination  of  this  clay  and  the  Welch  clay  was  tried  by 
Ml-.  Welch,  who  reports  that  the  mixtui-e  worked  more  freely  than 
the  Welch  clay  alone  and  that  there  was  less  Ha})ility  of  cracking  in 
drying  or  burning.  This  bed  stands  260  feet  above  sea  level.  It  is 
difficult  to  correlate  this  with  any  other  bed  in  or  near  the  Cheatham  . 
socti(m.  No  outcrop  of  lignite  was  observed  near  by,  nor  was  any  . 
reported  in  this  vicinity.  This  clay  probably  comes  above  the 
Cheatham  section,  as  the  clay  supplied  came  from  an  elevation  of 
280  feet.  If  these  beds  are  to  be  correlated  with  any  in  the  Cheat- 
ham section,  it  is  evident  that  the  character  of  the  clay  changes 
greatly  in  the  distance  between  these  locaUties. 

Green's  chy.  In  the  SW.  }  NW.  J  sec.  5,  T.  8  S.,  R.  15  W.,  a  clay 
outcrops  at  an  elevation  of  440  feet  about  100  yards  north  of  Mrs. 
M.  C.  Greenes,  in  a  small  drain  that  runs  west  into  Tunstle  Creek. 
Tlie  bed  is  about  10  feet  thick.  The  clay  is  light  gray  in  color,  is 
plastic,  has  little  grit,  and  clings  slightly  to  the  tongue. 

The  refractoriness  of  this  clay  is  not  very  high,  yet  it  is  by  no 
means  so  low  as  that  of  the  Cheatham  clay,  which  has  been  very 
successfully  used  for  pottery.  The  percentage  of  sand  present  is 
not  large  enough  to  be  injurious.  The  analysis  of  the  clay,  as  well 
as  its  physical  appearance,  indicates  that  it  could  be  successfully 
worked  into  ware. 

TalVs  clay.— The  clay  at  Mrs.  Chloe  Tail's  place,  in  the  N.  i  SW.  i 
sec.  4,  T.  8  S.,  R.  15  W.,  at  an  elevation  of  370  feet,  is  light  grayish 
in  color  and  very  plastic  and  carries  a  small  quantity  of  rather  coarse 
grained  grit.     It  includes  small  lighter  or  white  particles. 

This  clay  closely  resembles  the  Bird  clay,  not  only  in  physical 
appearance,  but  also  in  chemical  composition,  and  will  be  found  suit- 
able for  all  uses  for  which  the  Bird  clay  is  available.  For  practical 
purposes  the  quantity  of  this  clay  is  unlimited. 

Crov)der's  clay. — W.  A.  Crowder's  clay  is  in  the  SE.  \  NE.  \  sec.  8, 
T.  7  S.,  R.  14  W.  About  4  feet  of  the  bed  is  exposed  in  the  banks 
and  l)ed  of  a  small  drain  that  flows  into  Miller  Creek  at  an  elevation 
of  til)()ut  290  feet  above  sea  level.  The  clay  can  be  seen  only  in  a 
weathered  condition,  but  as  such  it  is  very  tough,  plastic,  has  little 
grit,  and  is  one  of  the  whitest  clays  examined. 

Ill  refractoriness  this  clay  comes  among  those  so  much  used  for 
pottery  about  Benton,  Ark.,  and  just  below  the  finest  china  clay 
from  Cornwall,  England,  which  it  ver>^  much  resembles  in  chemical 
composition.     There  can  be  no  dcmbt  that  it  is  of  the  best  quality. 
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The  same  bed  crops  out  half  a  mile  farther  east,  and  search  would 
undoubtedly  reveal  it  in  all  the  hollows  in  the  neighborhood. 

Clarks  Creek  day.— In  the  SE.  i  sec.  1,  T.  8  S.,  R.  15  W.,  at  an 
elevation  of  280  feet,  in  the  bank  of  a  small  drain  running  into  Clarks 
Creek,  there  is  an  exposure  of  4  or  5  feet  of  tough,  plastic  clay  con- 
taining scarcely  any  grit.  With  the  exception  of  about  1  foot  in  the 
middle  of  the  bed,  this  clay  is  light  gray  in  color.  The  middle  layer 
is  of  lavender  color  and  has  a  peculiar  odor  and  a  sharp,  bitter  taste. 

This  very  interesting  clay  deserves  a  more  extended  examination 
than  it  has  been  possible  to  give  it  in  this  investigation.  In  several 
places  within  a  mile  or  so  of  this  occurrence,  clay  of  apparently  the 
same  quality  outcrops  at  the  same  elevation,  so  that  there  must  be 
almost  unlimited  quantities  of  this  clay. 

Ramsey  clay, — The  Ramsey  clay  is  exposed  about  one-half  mile 
east  of  Ramsey  post-ofBce,  in  the  NW.  \  sec.  9,  T.  10  S.,  R.  13  W. 
The  clay  crops  out  in  a  drain  beside  the  Fordyce-Princeton  road  at 
an  elevation  of  about  265  feet.  The  bed  is  exposed  to  a  thickness  of 
10  feet.  The  clay  is  light  bluish  gray  in  color  and  very  plastic,  and 
the  small  amount  of  grit  is  very  fine  grained. 

The  proportion  of  alumina  and  silica  in  this  clay  is  such  that  its 
refractoriness  would  be  high  were  it  not  for  the  injurious  amount  of 
fluxes  it  contains,  especially  of  magnesia,  of  which  it  contains  more 
than  any  of  the  other  clays  analyzed.  As  it  is,  its  refractoriness 
compares  favorably  with  that  of  the  Welch  clay,  and  it  may  be  used 
for  all  purposes  for  which  the  Welch  clay  is  suitable.  The  quantity 
of  this  clay  is  apparently  unlimited. 

Wormac's  clay. — W.  L.  Wormac^s  clay  bed  is  in  the  NW.  J  NW.  \ 
sec.  29,  T.  10  S.,  R.  14  W.,  at  an  elevation  of  260  feet  above  sea  level. 
It  outcrops  to  a  thickness  of  4  feet  at  the  foot  of  the  west  bank  of 
Freeo  Creek.  A  small  drain  empties  into  the  creek  at  this  place,  and 
the  clay  crops  out  in  this  drain  up  to  a  spring  which  is  10  feet  above 
and  which  probably  emerges  just  above  the  clay.  The  clay  also 
forms  the  bed  of  the  creek  for  some  distance  south  (downstream). 
This  clay  is  of  a  dark  slaty  blue  color,  with  k  waxy  luster  when  freshly 
exposed,  but  dries  to  a  dull  light  drab. 

The  upper  part  of  the  bed,  as  exposed  in  the  drain,  is  lighter  in 
color.  The  clay  in  the  creek  bank  breaks  off  in  large,  roughly  rec- 
tangular blocks,  from  which  small  cubical  pieces  weather  off,  leaving 
a  peculiar,  angularly  indented  surface.  The  clay  is  plastic  and  the 
grit  is  very  fine,  being  almost  imperceptible. 

In  appearance  this  clay  differs  widely  from  the  other  clays  of 
Dallas  County,  and  on  analysis  shows  a  like  difference  in  chemical 
composition.  The  degree  of  refractoriness  is  too  low  to  permit  its 
being  used  as  a  potter's  clay,  unless  it  be  as  an  ingredient  in  other 
clays,  and  it  is  difficult  to  see  how  it  could  b^  V>^\vi^'i\'^  ^s^  '^xi*^. 
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The  resemblance  of  this  clay  to  some  of  the  Tertiary  clays  that  are 
used  in  refining  oils  is  very  marked,  and  its  chemical  composition  is 
not  far  different  from  that  of  those  clays. 

Little  Cypress  CreeTc  Icaolin. — This  bed  crops  out  in  the  east  bank 
of  Little  Cypress  Creek,  in  the  SW.  }  NE.  J  sec.  26,  T.  7  S.,  R.  17  W., 
where  the  following  section  is  exposed: 

Section  of  Little  Cypress  Creek  kaolin  bank. 

Feet. 
Drab  sandy  clay,  overlain  by  soil,  etc 7 

Ferruginous  shaly  sandstone } 

Drab  sandy  clay  as  upper  stratum 5 

White  sandy  kaolin 6 

The  elevation  of  the  base  of  the  section  is  320  feet. 

The  depth  exposed  does  not  represent  the  full  thickness  of  the 
clay,  which  forms  the  bed  of  the  stream  and  extends  to  an  unknown 
depth  below.  It  passes  into  yellow  sandy  clay  100  yards  down- 
stream. How  far  it  extends  upstream  can  not  be  told,  for  a  few 
yards  above  the  exposure  the  outcrop  is  covered  with  debris. 

In  J.  E.  Amis's  well,  about  three-fourths  of  a  mile  farther  south- 
east, a  bed  of  white  sandy  clay  and  white  sand,  20  feet  or  more  in 
thickness,  was  struck  at  the  same  elevation.  This  may  represent 
the  kaolin  bed.     (See  section  of  the  well,  p.  81.) 

In  appearance  and  texture  this  kaolin  clay  resembles  the  commer- 
cial scouring  bricks,  and  it  was  with  the  thought  of  utilizing  it  for 
this  purpose  that  the  sample  was  collected.  When  rubbed  between 
the  fingers  it  has  a  lingering  soapy  feel,  and  it  was  washed  and 
analyzed  to  test  whether  this  indicated  a  constituency  of  kaolin. 

In  refractoriness  this  kaolin  comes  close  below  the  best  washed 
kaolin  from  Brandywine  Summit,  Pa.,  which  is  used  in  the  manu- 
facture of  fine  chinaware.  In  chemical  composition,  however,  this 
Arkansas  kaolin  differs  widely  from  the  Pennsylvania  variety  in 
having  more  silica  and  less  alumina  and  water.  It  is  impossible  to 
say  what  effect  this  difference  in  composition  will  have  on  the  phys- 
ical behavior  of  the  clay  in  firing,  but,  the  refractoriness  being  so 
nearly  the  same,  the  difference  in  composition  will  probably  have  no 
especially  marked  effect. 

Kilmer  Icaolin, — A  bed  of  kaolin  outcrops  on  J.  R.  Kilmer's  land 
in  the  SE.  1  SE.  i  sec.  10,  T.  7  S.,  R.  17  W.  A  white  clay  outcrops 
in  the  bank  of  a  drain  at  the  elevation  of  390  feet.  Between  5  and  6 
feet  of  the  clay  is  exposed.  It  contains  a  great  deal  of  rather  coarse 
sand  and  in  its  natural  condition  is  only  slightly  plastic.  In  the  dry 
state  the  sand  easily  separates  from  the  finely  divided  clay  mass, 
which  gives  a  very  soapy  feel  w^hen  rubbed  between  the  fingers, 
indicating  the  presence  of  kaolin. 
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The  analysis  shows  a  kaolin  of  a  fair  degree  of  refractoriness,  the 
water  content  coming  more  nearly  up  to  the  accepted  formula  for 
kaolinite  than  that  in  the  Little  Cypress  Creek  kaolin.  This  kaolin 
will  probably  be  available  for  the  same  purposes  as  the  Little  Cypress 
Creek  kaolin. 

OTHER   CLAY   BEDS. 

The  following  notes  on  clay  beds,  which  cover  not  only  outcrops 
observed,  but  localities  where  clay  was  reported  to  occur,  is  inserted 
here  on  account  of  their  possible  value  to  prospectors. 

In  many  cases  the  clay  has  been  described  as  "sandy.''  Where 
this  term  has  been  used  the  sand  is  usually  present  in  quantity  suffi- 
cient to  overcome  the  plasticity  of  the  clay,  or  rather  to  lower  the 
plasticity  below  the  point  at  which  it  is  available  for  ceramic  pur- 
poses. One  remedy  for  this  fault  consists  in  mixing  with  the  sandy 
clay  another  clay  of  higher  plasticity.  Another  remedy  consists  in 
washing  out  the  excess  of  sand,  a  process  that  entails  so  much  addi- 
tional expense  that  it  is  impracticable  except  where  the  washed 
product  is  of  a  superior  quality. 

The  exposures  will  be  taken  up  in  the  order  of  the  townships, 
beginning  at  the  northeast  comer  of  the  coimty.  The  elevations 
are  given  in  feet  above  mean  tide  level  of  the  Gulf  of  Mexico.  The 
elevation  given  for  a  well  is  that  of  the  mouth;  the  elevation  given 
for  a  natural  section  is  that  of  the  base. 

Township  7  S,j  range  14-  W, — Two  feet  of  white  plastic  clay  out- 
crops in  a  gully  about  600  yards  west  of  Ivy  post-office,  and  is  over- 
lain by  6  or  8  feet  of  gravel.  This  is  at  the  same  elevation  as  the 
Crowder  clay,  which  is  less  than  half  a  mile  distant  (see  p.  76),  and 
is  probably  continuous  with  it.     Elevation,  290  feet. 

White  plastic  clay  is  reported  on  Gum  Creek,  in  the  SW.  J  sec.  29. 

Township  7  S.j  range  15  TV. — In  the  SW.  \  NW.  \  sec.  2,  in  a  gully 
just  west  of  the  Tulip-Sandy  Springs  road,  there  is  an  exposure  of  15 
feet  of  clay  resting  on  white  sand.  The  lower  7  or  8  feet  is  white 
plastic  clay  of  apparently  fair  quality.  It  is  possible  that  the  white 
sand  is  a  sandy  kaolin  similar  to  the  Little  Cypress  Creek  kaolin. 
Elevation,  360  feet.     (See  also  p.  78.) 

Nancy  Jones's  well,  SW.  i  sec.  2.     Elevation,  390  feet. 

Section  in  iccll  of  Nancy  Janes. 

Feet. 

Soil,  gravel,  and  sand 8-10 

WTiite  sandy  clay 25 

Dark  clay 25 
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Lee  Smith's  well,  NW.  J  sec.  4.     Elevation,  450  feet. 
Section  in  well  of  Lee  Smith. 


*         Feet. 


Soil,  gravel,  and  red  sandy  clay 20 

WTiito  sand 5 

Tough,  dark,  sandy  clay 25 

Outcrop  of  sandy  gray  clay,  half  a  mile  east  of  the  above.     Eleva- 
tion, 380  feet. 
Philip  Phillips's  well,  SW.  J  NW.  1  sec.  5.     Elevation,  500  feet. 

Section  in  well  of  Philip  Phillips. 

Feet. 

Soil,  gravel,  and  sandy  clay 15 

Sand  and  clay  interstratified 20 

White  sandy  clay 15 

Chris.  Lawrence's  well,  northeast  comer  SW.  J  NE.  J  sec.  30.  The 
well  was  bored  and  afterward  filled  up.  Reported  by  S.  D.  Green. 
Elevation,  490  feet. 

Section  in  tvell  of  Chris.  Laxcrence. 

Feet. 

Soil,  gravel,  and  sand 25-30 

Bluish  clay  (and  bottom  not  reached) 125 

This  well  must  pass  through  the  Bird  clay,  but  as  it  is  a  bored  well 
no  distinction  was  made  between  the  plastic  clay  and  the  sandy 
white  clay,  such  as  is  found  commonly  in  the  upper  part  of  this 
ridge. 

TawnsUp  6  S.,  range  16  F.— Rice's  gin  well,  SE.  J  SW.  \  sec.  36. 
Elevation,  510  feet. 

Section  in  Rice's  well. 

Feet. 

Soil,  gravel,  and  yellow  sand 20 

Bluish  white  clay,  with  interstratified  beds  of  yellow  sand 28 

This  is  the  typical  white  sandy  clay  referred  to  above.  The  sand 
constitutes  64.29  per  cent  of  the  whole  mass. 

G.  A.  WiUiams's  well,  NE.  \  SW.  \  sec.  36.     Elevation,  510  feet. 

Section  in  well  of  G.  A.  Williams. 

Feet. 

vSoil,  gravel,  and  siiml 15 

iSandy  pipe  clay 60 

Sand  below. 

Township  7  S.,  range  16  W.-J.  M.  Holt's  well,  NE.  }  SE.  J  sec.  2. 
Elevation,  460  feet. 

Section  in  veil  of  .f.  M.  Holt. 

Feet. 

Soil  and  gravel 4 

Sandy  white  pipe  clay 40 
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J.  S.  Young's  well,  NE.  J  SW.  J  sec.  2.     Elevation,  460  feet. 
Section  in  well  of  J.  S.  Yountf. 

Feet. 

Soil  and  gravel 4 

Sandy  white  pipe  clay 40 

Lignite li 

Dark-drab  plastic  clay ♦. 38 

The  lower  38  feet  probably  represents  the  Bird  clay. 

Mrs.  E.  A.  Rice's  place,  NW.  }  NE.  J  sec.  15.  White  plastic  clay 
nearly  free  from  sand  outcrops  in  the  bed  of  a  drain.  Elevation,  415 
feet. 

In  the  Tulip- Arkadelphia  road,  about  1}  miles  east  of  CNeiU's 
mill,  there  is  a  bed  of  dark,  putty-colored  clay  from  20  to  30  feet 
thick.  This  clay  is  very  plastic,  has  little  grit,  and  does  not  stick  to 
the  tongue.     Elevation,  520  feet. 

Potter's  clay  of  excellent  quality  is  said  to  have  been  taken  from 
the  creek  bank  below  the  old  milldam  at  Willow  post-oflSce.  The 
place  is  now  covered  with  water.     Elevation,  340  feet. 

Potter's  clay  is  reported  in  section  14,  near  the  southwest  comer, 
on  a  drain  running  into  West  Tulip  Creek.     Elevation,  300  feet. 

It  is  also  reported  that  a  bed  from  which  Bird  used  to  take  clay 
occurs  in  section  29,  on  a  drain  running  into  Cypress  Creek. 

TaumsUp  7  S.,  range  17  TF.— J.  E.  Amis's  well,  NE.  }  NW.  \  sec.  36. 
Elevation,  360  feet. 

Section  in  well  of  J.  E.  Amis. 

Feet. 

Red  Kindy  clay  and  gravel ' 15 

Dark-drab  plastic  clay 5 

White  sandy  clay  and  white  sand 20 

This  probably  reaches  the  kaolin  that  outcrops  on  Little  Cypress 
Creek.     (See  p.  78.) 

White  plastic  clay  is  reported  in  section  22,  in  the  banks  of  a 
small  drain,  and  in  section  35,  in  the  bank  of  Little  Cypress  Creek. 

Township  8  S.,  range  15  ^Y, — A  white  plastic  clay  outcrops  in  the 
bed  of  Canada  Creek,  just  below  the  ford  of  the  Ivy-Princeton  road. 
Elevation,  250  feet. 

A  similar  clay  outcrops  in  the  road  a  quarter  of  a  mile  south  of 
the  preceding  and  30  feet  liigher  in  elevation. 

On  the  Ivy-Princeton  road,  about  three- fourths  of  a  mile  north  of 
Princeton,  there  is  an  outcrop  of  very  sandy  white  clay.  Elevation, 
260  feet. 

In  a  gully  beside  the  road  in  the  NE.  \  NE.  \  sec.  21  there  is  a  bed 
of  bluish- white  joint  clay  from  2  to  3  feet  thick.  This  clay  has  little 
grit  and  does  not  cling  to  the  tongue.  It  passes  into  sand  to  the 
48130— Bull.  H51— 08 ('» 
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north  and  into  jointed  and  indurated  sand  of  the  same  color  20  feet 
to  the  south.  The  joint  cracks  of  the  clay  have  been  filled  with 
sand  carried  by  percolating  waters.     Elevation,  280  feet. 

John  C.  Welch's  well,  in  the  NE.  }  NW.  J  sec.  19,  passes  through 
abouf  30  feet  of  white  sand.  It  may  be  that  this  is  a  sandy  kaolin 
similar  to  those  described  in  the  preceding  pages.  Elevation,  350 
feet. 

An  outcrop  of  plastic  gray  clay  occurs  in  the  road  about  400  yards 
east  of  Welch's  pottery.  The  thickness  of  this  bed  was  not  appar- 
ent.    Elevation,  440  feet. 

There  is  said  to  be  a  fine  bed  of  excellent  potter's  clay  on  a  small 
stream  north  of  Princeton,  about  1  mile  above  a  point  where  the 
stream  is  crossed  by  the  Malvern  road,  1  mile  north  of  the  town. 

John  C.  Welch's  clay  bank,  in  sec.  17,  T.  8  S.,  R.  15  W.,  is  in  a 
neighborhood  that  abounds  in  excellent  clays.  The  beds  occur  also 
along  both  sides  of  Cypress  Creek  and  of  West  Tulip  and  East  Tulip 
creeks,  near  to  the  headwaters  of  those  streams,  winding  in  and  out 
among  the  hills  and  cropping  out  in  the  bluffs  and  banks  of  streams. 
The  covering  of  the  beds  varies  greatly;  where  the  overlying  beds 
have  been  eroded  away  the  covering  is  thin,  but  where  they  crop 
out  in  steep-sided  hills  it  is  generally  thick.  Where  these  clays  have 
been  dug  they  have  been  taken  from  beneath  rather  heavy  coverings. 

Mrs.  Lantom's  well,  sec.  17,  440  yards  west  of  the  northeast 
comer.     Elevation,  310  feet. 

Section  in  irell  of  Mrs.  Laniom. 

Feet. 

8()il  and  gravel 6 

White  pipe  day 10 

Wliite  sand 2 

White  day 27 

A  load  of  tliis  clay  was  tried  by  Mr.  Welch,  who  says  that  it  works 
very  well. 

P.  N.  Lantom's  well,  SE.  \  NE.  \  sec.  8.     Elevation,  370  feet. 

Section  of  well  of  P.  N.  Lantom. 

Foot. 

Soil  and  gravel 2 

Hard  bluish  day 58 

Lignite 8 

L.  D.  Lantom's  well,  sec.  5,  middle  of  the  south  side.  Elevation, 
480  feet. 

Section  of  veil  of  J  J.  J).  Lantom. 

Feet. 

Soil,  gravel,  and  sand 10 

White  pipe  day 28 
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Mrs.  M.  C.  Green's  well,  SE.  J  NW.  }  sec.  5.     Elevation,  480  feet. 

Seclion  in  well  of  M.  C.  Green. 

Feet. 

Soil  and  gravel 8 

WTiite  pipe  clay 8 

Bluish  clay 27 

Black  ' '  rock  " J 

Lignite 3 

Sandy  bluish  clay 30 

.     A.  Whitener's  well,  SE.  J  NW.  J  sec.  3.     Elevation,  480  feet. 

Section  in  well  of  A .  Whitev^r. 

Feet. 

Soil,  gravel ,  and  sand 15 

Wliite  clay 1 

Lignite 1 

White  plastic  clay 1 J4 

This  lowest  clay  outcrops  in  a  gully  50  yards  west  of  the  house. 
Township  8  S.,  ran^e  17  W.—T>.  Ratliffe's  well,  SE.  i  SE.  }  sec.  2. 
Elevation,  290  feet. 

Section  in  well  of  T.  Ratliffe. 
^  Feet. 

Soil  and  red  clay 4 

White  plastic  clay 30 

Dark  plastic  clay,  with  femiginous  sandstone  particles 10 

There  are  scattering  leaf  impressions  in  both  the  light  and  the 
dark  clays. 

Bernard  Dellamar's  place,  SW.  }  NW.  }  sec.  14.  An  exposure  of 
12  feet  of  dark  bluish  drab  clay.  This  clay  is  plastic  and  has  little 
grit.     Elevation,  310  feet. 

Outcrop  of  15  feet  of  light-blue  plastic  clay  beside  the  road  in  the 
NW.  \  sec.  15.  This  clay  weathers  very  much  like  the  olive-green 
Tertiary  marl.  It  contains  somewhat  more  grit  than  the  clay  that 
is  most  used  for  ware  in  this  country.     Elevation,  320  feet. 

J.  R.  Porterfiekrs  well,  SE.  }  NE.  \  sec.  17.     Elevation,  350  feet. 

Section  of  well  of  J.  R.  PorterfiM. 

Feet. 

Soil  and  gravel 17 

Sand 1 

Dark,  soft,  plastic  clay,  with  lignite  flakes  and  nodules  of  in)n  pyrites.     16 

•     Potter's  clay  is  reported  near  the  center  of  sec.  34;  also  near  the 
northeast  comer  of  sec.  27  and  in  the  SE.  }  of  sec.  35. 

A  well  in  the  NW.  \  NW.  }  sec.  36  passes  through  75  feet  of  sand 
with  lumps  of  plastic  clay  and  ends  in  white  sandy  clay  similar  to 
that  overlying  the  lignite  ])ed  in  this  region.     Elevation,  280  feet. 
These  lumps  of  clay  are  at  many  places  embedded  in  the  sand^'^^^'t'^'^'^^ 
and  have  been  reported  in  several  wells. 
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Township  9  S.,  range  14  W, — Pottery  clay  is  reported  in  the  SW.  \ 
SE.  \  sec.  32,  and  in  SE.  \  SE.  i  sec/so. 

Imvnship  9  S.,  range  15  Tf. — From  2  to  4  feet  of  bluish-white 
l)lastic  clay  outcrops  in  a  ^lly  beside  the  road  in  the  SE.  \  SE.  } 
sec.  34. 

In  the  bank  of  Hays  Creek,  SE.  }  NW.  \  sec.  5,  there  is  an  outcrop 
of  about  15  feet  of  grayish  joint  clay  with  considerable  sand.  Eleva- 
tion, 220  feet. 

Potter's  clay  is  reported  in  the  NW.  \  SW.  }  sec.  18;  also  on  Sand 
Creek,  in  the  NW.  }  sec.  20. 

Potter's  clay  is  reported  on  the  Bowers  place,  near  the  C/enter  of 
sec.  22. 

Clay  which  was  pronounced  good  is  said  to  occur  in  the  SW.  J 
SW.  \  sec.  6. 

Grayish-green  potter's  clay,  10  to  12  feet  thick,  outcrops  on  the 
Princeton-Dalark  road,  m  sec.  11. 

ToumsUp  9  5.,  range  16  W.— C.  C.  Williams's  well,  NE.  J  NE.  \ 
sec.  18.     Elevation,  290  feet. 

Section  in  (\  C.  Williams's  well. 

Jeet. 

Soil  and  gravel 8 

Wliite  pipe  clay 20 

Tovymhip  9  S.j  range  17  ir. — Prank  Russell's  well,  SW.  \  sec.  1; 
15  feet  of  plastic  clay  in  bottom.  Elevation,  290  feet.  The  same 
clay  outcrops  in  a  spring  a  few  yards  north  of  the  well. 

Where  the  Fordyce-Princ<»ton  road  ascends  the  hill  at  Dallas 
Stcll's  ('* Stony  Point"),  just  north  of  Cooks  Creek,  in  the  S.  i  sec. 
18,  T.  10  S.,  R.  13  W.,  halfway  up  the  hill,  is  a  10-foot  bed  of  clay 
which  may  prove  valuable  for  pottery,  though  the  best  of  the  clay 
may  be  only  that  near  the  surface,  which  is  most  aflTected  by  welather- 
ing.  It  is  possible  that  it  is  thicker  than  10  feet,  for  the  limits  of  the 
bod  are  not  well  defined. 

A  well  dug  about  1,500  feet  north  of  Dallas  Stell's  house  pene- 
tiatcs  lead-colored  sands  with  leaf  impressions,  and  it  is  possible 
that  the  clay  on  the  hillside  south  of  the  house  may  be  the  weathered 
edge  of  this  sandy  stratum. 

Through  the  region  traversed  by  the  Fordyce-Princeton  road 
many  of  the  surface  clays  are  well  adapted  for  potter}^,  but  they  all 
contain  some  pebbles  and  would  need  to  be  screened  or  passed  through 
a  machine  to  remove  these. 

Many  exposures  of  stratified  beds  of  potteiy  clay  have  been  ob- 
served along  the  road  south  of  Princeton,  but  the  region  is  thinly 
scuttled  and  it  is  not  possible  to  give  the  land  divisions  on  which  they 
were  fcnmd.     They  vary  greatly  in  thickness,  though  it  is  probable 
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that  many  of  the  beds  which  appear  to  be  but  2  or  3  feet  thick  are 
much  thicker,  and  that  only  small  portions  of  them  are  exposed. 

On  the  road  leading  from  Princeton  to  Fordyce,  about  li  miles 
south  of  the  point  where  the  Fordyce  road  leaves  the  Camden  road, 
a  10-  or  12-foot  bed  of  pottery  clay  is  exposed  in  a  gully  beside  the 
road. 

The  road  from  Tulip  to  Dalark  passes  over  several  beds  of  pottery- 
clay .  They  crop  out,  among  other  places,  in  sees.  15  and  16  of  T.  8  S., 
R.  17  W.,  on  the  lands  of  George  Elders,  about  4  milec  east  of  Dalark, 
where  they  are  overlain  by  red  clayey  sands. 

A  light-colored  pottery  clay  outcrops  in  the  gully  east  of  the  road 
in  the  NE.  i  NE.  i  sec.  20. 

Township  10  8.,  range  I4  W, — White  plastic  clay  is  reported  in  the 
NW.  }  NE.  }  sec.  5  and  the  NW.  J  NW.  J  sec.  7. 

A.  B.  Smith's  well,  SE.  \  sec.  8.     Elevation,  265  feet. 

Section  in  well  of  A.  B.  Smith. 

Feot. 

Soil,  red  clay  and  gravel 12 

Bluish  joint  clay 40 

Red  sandy  clay 8 

This  clay  evidently  passes  into  sand,  for  a  well  at  tiie  same  eleva- 
tion 100  feet  away  shows: 

Section  in  well  in  SE.  i  sec.  8,  T.  10  S.,  R.14  W. 

Feet. 

Soil  and  gravel 12 

White  fine-grained  sand 33 

Potter^s  clay  occurs  in  the  SE.  J  sec.  8.  Ten  feet  is  exposed  in  the 
road  and  in  the  banks  of  a  stream  that  flows  into  Freeo  Creek.  Ele- 
vation, 250  feet. 

Potter's  clay  outcrops  in  the  Little-Bay  Princeton  road  in  the 
SW.  }  sec.  16.     Elevation,  265  feet. 

Smith  place,  SE.  }  NW.  }  sec.  17.  Two  or  three  feet  of  white 
plastic  clay  is  exposed  in  the  bank  and  bed  of  Freeo  Creek,  imme- 
diately above  the  ford.     Elevation,  230  feet. 

R.  H.  Earner's  well,  NE.  }  NE.  i  sec.  20.     Elevation,  275  feet. 

Section  in  R.  II.  Barner^s  well. 

Feet. 

Red  clay  and  sand 7 

Blue  joint  clay,  sandy  toward  bottom : 34 

Between  10  and  15  feet  of  grayish  potteiy  clay  outcrops  in  the 
road  in  the  NW.  \  sec.  34.     Elevation,  270  feet. 

Tovmship  10  S.j  range  15  IV. — In  a  gidly  beside  the  road,  north  of 
a  church  in  the  NW.  }  sec.  2,  is  an  exposure  of  8  to  10  feet  of  bluish- 
white  plastic  clay.     Elevation,  235  feet. 
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J.  T.  Shankle's  well,  SW.  J  XW.  \  s(m-.  7.     P^levation,  30()  feet. 

Srvlioii  in  urll  o/  ./.   7'.  iShanklr. 

Rod  sand  and  clay 20 

White  pipe  clay 10 

Dark  lumpy  clay 10 

A  l)<)red  well  at  the  same  elevation  show^ed  22  feet  of  the  dark  clay 
and  stopped  in  lignite.     The  dark  clay  contains  a  few  leaves. 

J.  W.  Richardson's  place,  vSE.  J  SE.  J  sec.  9.  Ten  feet  of  gray 
])lastic  clay  outcrops  beside  the  road.     Elevation,  240  feet. 

Potter's  clay  15  feet  thick  outcrops  in  a  gully  in  the  SE.  J  SW.  J 
sec.  16,  and  is  underlain  ])y  10  to  20  feet  of  white  sand.  Elevation, 
260  feet. 

Potter's  clay  is  reported  in  a  well  at  the  gin  in  the  NW.  J  SW.  J 
sec.  18. 

Pottery  clay  outcrops  in  the  road  in  the  NW.  }  sec.  21.  Eleva- 
tion, 260  feet. 

Potter's  clay  is  reported  in  the  NW.  \  sec.  22. 

TovmsUp  10  S.,  range  16  F.  — W.  M.  Walsh's  well,  NE.  \  NW.  \ 
sec.  1.     Elevation,  265  feet. 

Section  in  well  of  W.  M.  Walsh. 

Feet. 

Red  clay  and  sand 8 

Black  clay  with  loaf  imprcHwior.s 10 

Yellow  sand  and  clay 45 

White  plastic  clay 4 

Well  stopped  in  the  last  stratum  without  passing  through  it. 
On  Peterson's  place,  NE.  \  SW.  \  sec.  12,  a  foot  of  light-colored 
clay  with  some  grit  is  exposed  in  a  drain.     Elevation,  230  feet. 
James  Goodgame's  well,  NW.  \  NE.  }  sec.  18.     Elevati(m,  240  feet. 

Section  in  well  of  James  (rootfgnine. 
•  Fe<*t. 

Soil 4 

Pipe  clay 17 

R.  E.  Hogg's  w^ell,  SW.  i  SE.  \  sec.  18.     Elevation,  310  feet. 

Section  in  urll  <f  R.  E.  Ilofig. 

Feet. 

Soil  an<l  gravel 10 

Pot  tor's  clay 2-3 

Sand  ]>olow. 

rONCLl'SIONS. 

Th(»  geologic  st nurture  of  the  region  and  the  known  outcrops  of 
polt(M's  clay  lead  to  the  conclusion  that  such  clays  exist  in  great 
abundance  and  of  excellent  quality  in  J)aHas  County.     Their  wide- 
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spread  distribution  on  both  sides  of  East  Cypress  and  Cooks  creeks 
and  of  West  and  East  Tulip  creeks  has  already  been  mentioned.  In 
addition  to  the  places  at  which  good  clays  are  already  known,  there 
is  no  doubt  that  they  will  also  be  found  on  the  west  side  of  Moro 
Creek  and  on  the  higher  lands  skirting  the  west  side  of  Saline  River 
in  Dallas  County. 

ANALYSES    OF   CLAYS. 

Analyses  of  clays  in  Dallas  County  are  given  in  the  following  table : 
Analyses  of  Dallas  County  clays. 


Clays  analyzed." 


Cheatham  clay 

Blrdclav 

Welch  clay 

Green's  clay 

Tail's  clay 

Crowderclay 

Clarks  Creek  clay.. 

Ramsey  clay •.. 

Wormac'sclay 

Little    Cypress 

Creek  kaolin 

Kilmer  kaolin 


Silica. 


'  Alum- 
I     ina. 


Ferric 
oxido. 


72.82 

13.72 

1.267 

66.42 

21.19 

1.956 

71.27 

16.86 

2.378 

68.03 

17.19 

3.589 

62.343 

20.631 

4.082 

66.336 

18.966 

2.008 

50.653 

251450 

6.481 

60.700 

21.567 

5.000 

64.734 

16.569 

3.796 

62.166 
52.269 


26.096 
32.207 


.341 
1.781 


I 


2.54 
1.02 
1.75 
1.49 
1.556 
1.869 
2.591 
.447 
1.234 

1.302 
1.505 


0.63 
1.13 
.73 
.81 
.173 
.256 
.167 
.469 
.837 

.051 


Magne- 

Soda. 

Pot- 
ash. 

0.96 

0.75 

1.08 

.82 

1.26 

.77 

.46 

.44 

1.00 

.54 

1.00 

.668 

.325 

.729 

.225 

-.800 

.379 

.604 

.242 

.742 

1.583 

.297 

1.526 

1.535 

1.395 

1.685 

Trace. 

.252 

.364 

.028 

.341 

.271 

5.76 
7.76 
6.54 
6.31 
9.339 
8.130 
13.100 
8.608 
7.334 

9.067 
11. 170 


50.30 
37.28 
30.50 
35.80 
16.73 
17.23 
3.46 
15.25 
25.14 

67.94 
38.57 


«  The  exact  locations  of  the  clays  are  stated  In  the  preceding  pages. 

Of  the  preceding  eleven  analyses  the  first  four  were  made  by  W.  C. 
Riley  and  the  remaining  seven  by  L.  R.  Lenox.  It  will  be  noticed  that 
the  clays  analyzed  by  Doctor  Riley  show  a  much  higher  percentage 
of  sand  than  those  analyzed  by  Professor  Lenox.  The  determination 
of  the  percentage  of  sand  is  at  be^t  only  approximate  and  is  a  matter 
of  individual  judgment,  and  this  accounts  for  the  different  percent- 
ages found.  In  two  clays,  which  have  to  all  appearances  an  equal 
amount  of  sand,  the  percentage  of  sand  in  the  one  as  determined  by 
Doctor  Riley  is  about  twice  as  great  as  the  percentage  in  the  other  as 
determined  by  Professor  Lenox.  In  comparing  the  sand  contents  of 
the  clays  tliis  should  be  borne  in  mind. 

Each  of  the  clays  analyzed  contains  a  considerable  amount  of 
titanic  acid  and  smaller  quantities  of  sulphuric  and  phosphoric  acids. 
Neither  of  these  substances  is  taken  into  consideration  in  the  formula 
devised  by  Bischof  for  calculating  the  refractoriness  of  clays,  so  that 
in  determining  the  refractoriness  of  the  clays  analyzed  these  constitu- 
ents have  been  disregarded.  It  is  highly  probable,  however,  that  they 
exert  some  influence  on  the  fusing  point  of  clays. 

Several  of  the  clays  showing  the  largest  percentages  of  titanic  acid 
were  washed  and  their  coarser  and  heavier  parts  were  examined  under 
a  microscope.  Owing  to  the  fragmentary  condition  of  the  particles 
it  was  not  possible  to  identif}^  any  of  them  except  the  quartz. 
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CLAY  INDUSTRY. 

At  present  no  plants  arc  reported  as  engaged  in  the  manufacture 
of  clay  products  in  Dallas  County.  The  potter}^  industry  of  the 
county  has  been  mainly  confined  to  the  operations  of  the  Bird  brothers 
and  their  apprentices.  The  first  pottery  was  established  by  them, 
and  the  last  active  potteiy  in  the  county  was  owned  and  operated  by 
John  C.  Welch,  who  learned  the  potter's  trade  under  William  Bird. 

The  first  potteiy  was  set  up  in  1843  bj^  two  of  the  brothers,  Joseph 
and  Nathaniel  Bird.  In  1844  James  Bird,  another  brother,  erected  a 
potteiy  just  over  the  county  line,  in  Grant  County,  in  the  SE.  J  SE.  J 
sec.  23,  T.  6  S.,  K.  16  W.  He  had  burned  but  a  few  kilns  when  he 
sold  out,  and  the  business  was  discontinued.  He  used  clay  from  a 
bed  close  by  the  old  shop. 

WiUiam  Bird  started  his  first  pottery  in  1843,  in  the  SW.  J  NW.  } 
sec.  7,  T.  7  S.,  li.  15  W.  His  clay  came  from  the  Butler  bed.  He 
continued  steadily  at  work  here  until  1851  or  1852,  when  he  moved 
his  shop  to  the  site  now  occupied  by  John  C.  Welch's  pottery,  in  the 
NW.  i  SW.  J  sec.  17,  T.  8  S.,  K.  15  W.  He  operated  this  pottery 
until  1861,  w^hen  he  sold  out  to  Welch.  Wliile  running  here  he  used 
clay  from  the  Butler  bed,  and  later  from  the  Cheatham  beds  also. 
Bird  started  another  pottery  at  the  close  of  the  war  on  what  is  known 
as  the  Bird  place,  in  the  SW.  i  NW.  J  sec.  6,  T.  7  S.,  R.  15  W.  He 
continued  here  until  about  1881,  when  he  left  the  State.  He  after- 
ward returned  and  followed  his  trade  in  Malvern.  While  at  the  Bird 
place  he  used  clay  from  the  Butler  bed;  also  from  the  Bird  bed,  on 
the  Bird  place,  and  from  Gum  Bottoms.  Bird  has  the  reputation 
among  the  older  inhabitants  of  the  county  of  making  very  fine, 
durable  ware. 

John  C.  Welch,  as  before  noted,  learned  the  trade  under  William 
Bird,  and  in  1861  bought  him  out  and  continued  the  business  at  the 
sauK*  place.  The  capital  invested,  exclusive  of  that  for  location,  was 
about  $150.  The  kiln  had  a  capacity  of  1,500  gallons.  Two  wheels 
were  mn  and  the  average  annual  output  was  10,000  or  15,000  gallons. 
The  product  was  in  the  form  of  jugs,  jars,  churns,  and  crocks,  which 
found  a  market  in  neighboring  towns — Pine  Bluff,  Camden,  Warren, 
Monticello,  Eldorado,  Magnolia,  and  other  places.  Mr.  Welch  at  first 
used  clay  from  the  Cheatham  beds,  !)ut  later  found  and  worked  the 
Welch  bed.     His  ware  was  hard,  close-bodied,  and  thin. 

Nathaniel  Culberson  worked  awhile  with  Welch,  and  between  1858 
and  lK6o  ran  a  pottery  near  the  middle  of  sec.  24,  T.  8  S.,  R.  15  W. 
llo  used  clay  from  the  Cheatham  beds.  Fragments  from  the  old  kiln 
show  a  rather  thick,  porous  ware. 

In  1850  or  1860  a  foreigner  named  Etl  establislied  a  pottery  about 
three-fourths  of  a  mile  north  of  the  preceding  and  operated  it  for 
a!)out  three  yeai-s.     Besides  ordinaiy  crockeiy  he  nuide  flower  pots 
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with  vines  and  flowers  in  relief  on  the  sides.     He  used  clay  from  the 
Cheatham  beds. 

In  1870  Lafayette  Glass,  after  learning  the  trade  under  Welch,  set 
up  a  pottery  in  the  NE.  }  SE.  J  sec.  29,  T.  8  S.,  R.  15  W.  He  operated 
here  for  a  year  and  then  removed  to  Benton  and  became  the  pioneer 
potter  of  that  place.  While  in  Dallas  County  he  used  clay  from  the 
SuUenbarger  bed. 

Between  1874  and  1876  E.  A.  Munn,  a  brother-in-law  of  Welch,  ran 
a  potter}^  in  the  NE.  J  SE.  }  sec.  12,  T.  8  S.,  R.  16  W.  He  left  there 
and  established  a  pottery  at  Malvern.  He  used  clay  from  the  Welch 
bed.  Fragments  about  the  old  kiln  show  a  fine,  hard,  and  close- 
bodied  ware. 

DREW   COUNTY. 

GENERAL  GEOLOGY. 

The  surface  soils  of  Drew  County  consist  either  of  disintegrated 
I'ertiary  (Eocene)  rocks,  which  underlie  the  whole  county,  or  of  a 
thin  coating  of  gravel  of  later  age  on  the  Tertiary  beds.  The  flood 
plains  of  some  of  the  streams  are  of  recent  alluvial  origin,  while  those 
of  others  are  made  of  older  clays.  Nearly  all  the  lands  east  of  Hurri- 
cane Creek  are  alluvial.  Excellent  brick  clays  are  abundant  about 
Monticello,  though  some  of  the  surface  clays  contain  a  few  pebbles, 
and  others  contain  iron  nodules.  In  the  western  part  of  the  town  of 
Monticello  about  30  feet  of  purple  and  mottled  Tertiary  clay  are 
exposed  in  gullies  and  in  the  railway  cut.  The  purple  clays  crack  in 
drying  and,  in  their  present  condition,  are  not  available  for  biick- 
making.  These  beds  are  exposed  in  places  for  2  miles  west  of  the 
town  of  Monticello. 

A  well  bored  by  Emil  Boechardt  at  Monticello  in  1889,  on  the 
southwest  corner  of  sec.  35*  T.  12  S.,  R.  7  W.,  passed  through  the 
following  strata,  tus  ro])orted  by  Mr.  Boechardt: 

Sfclion  in  veil  of  Emil  Boechardt. 

Ft.     in. 

1.  Loam 4 

2.  Red  clay 5    (i 

3.  Pipe  clay  and  sand 15 

4.  Dark  clay  with  shells 50 

5.  Sandstone 6 

6.  Dark  clay  with  shells 88    6 

159     4 

A  sample  of  clay  No.  6  of  this  section  was  examined  b}^  the  Arkan- 
sas Geological  Survey.  It  is  a  dark,  fine  clay  with  a  little  mica  and 
a  few  fragile  fossil  shells  of  Tertiarv  age.  It  does  not  crack  on  dry- 
ing, and  if  the  beds  are  accessible  and  could  be  found  without  shells 
it  would  make  a  good  potter's  clay  and  would  be  available  fo^  VVn^. 
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nianiifacture  of  ^ood  firo  l)ri(ks.  It  is  j)ro1>aI)le  that  other  Tertiary 
clays  that  underlie  Drew  County  nii^rht,  by  washing,  he  made  avail- 
able for  the  inanufaeture  of  i)ottery'. 

At  Coniish  Ferrj',  on  Saline  River,  a  sex^tion  of  the  Tertiary"  beds 
is  ex])osed,  having  at  the  base  a  dark  lignitie  clay  that  resembles 
some  of  the  potter}'  clays  of  Saline  County. 

CLAY  INDUSTRY. 

In  the  town  of  !Monticello  the  Drew  Brick  Coini)any  and  a  plant 
oi)erated  by  J.  II.  Blythe  are  engaj^jed  in  the  manufacture  of  com- 
mon buildinji:  bricks. 

FAULKNEU   ( OUNTY. 

GENERAL  GEOLOGY. 

The  geolo^^  of  Faulkner  County  is  merely  a  rei)etition  on  a  some- 
what larjjer  scale  of  that  of  the  western  part  of  White  County.  The 
rocks  hav^  been  throwni  into  great  folds  and  then  worn  away,  but 
the  folding  has  been,  on  the  whole,  so  simple  and  the  alternation  of 
the  sandstone^s  and  shales  has  been  so  regidar,  that  the  g^ex>logie 
stnicture  of  the  county  is  easily  inteq)rete(l.  When  this  structure 
is  understood  the  distributiim  of  the  clays  and  clay  shales  in  the 
county  will  ])e  readily  comprehended. 

The  rocks  of  this  regicm  ])elong  to  w^hat  are  commonly  known  as 
the  **  Barren  Coal  Measures."  They  are  sandst<mes  and  shales, 
across  which  niti  occasional  veins  of  (piartz,  and  on  the  upturned 
edges  of  which  there  are  patches  of  bog  iron  deposited  by  chalybeate 
s])rings.  Locally  the  sandstones  and  shales  are  somewhat  calcareous, 
but  these  calcareous  ])laces  are  (mly  tlun  bands  or  small  patches 
and  are  of  little  or  no  importance  except  that  some  of  them  contain 
fossils. 

Th(»  rocks  of  the  county  are  all  sediment aiy,  having  been  depos- 
ited originally  in  horizontal  layers  in  water.  After  their  deposition 
th(\sc  sediments  were  consolidated  by  the  ])ressure  of  thick  beds  that 
were  deposited  on  to])  of  them.  In  the  course  of  time  they  were  sul>- 
jectcd  to  horizontal  })ressure  from  the  south  and  thrown  into  a  series 
of  ])arallel  folds,  and,  rising  above  the  water,  they  formed  dry  land. 
After  this  elevation  they  were  acted  u])on  by  weathering  and  eroding 
agencies,  the  former  l)reaking  up  the  rocks  (for  these  sediments, 
originally  sand  and  mud,  were  already  hardened  by  hmg  pressure  to 
sandstom*  and  shale)  and  the  latter  washing  the  fine  material  away. 
But  as  rocks  are  not  all  e(|ually  soluble  or  e(|ually  acted  upon  by 
(loc(>in])osing  and  weathering  agencies,  and  as  they  are  not  all  trans- 
port (m1  with  the  same  facility  after  (lisint(»gration,  some  of  these  rocks 
in  Faulkner  County  have  been  removcMl  nnich  more  rapidly  than 
oth(»rs.     Thus  rocks  which  long  resist  decay  and  removal — that  is, 
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the  sandstones — stand  out  now  as  hills  and  ridges,  while  eroding 
agencies  have  scored  valleys  in  the  softer  and  more  easily  affected 
rocks — that  is,  the  shales.  As  the  rocks  of  this  region  are  alternate 
sandstones  and  shales,  the  topograpliic  result  of  this  condition  and 
action  is  a  series  of  parallel  valleys  and  ridges,  running,  as  a  rule, 
east  and  west  across  the  county. 

As  a  rule  the  axes  of  these  rock  folds  are  not  horizontal  but  are  a 
little  lower  at  one  end  than  at  the  other.     From  this  dipping  of  the 


Fio.  7.— Diagram  showing  relations  of  structure  to  topographic  relief  in  Faulkner  County,    sh,  Shale; 
88,  sandstone;  aeb,  valley;  c  o,  stream  piracy;  e,  watershed. 

folds  it  results  that  the  ridges,  instead  of  being  everywhere  straight, 

curve  around  and  cross  the  lower  ends  of  the  axes  of  the  folds.     This 

will  be  understood  by  reference  to  the  accompanying  diagram  (fig.  7). 

It  will   be  understood  from  this  also  that  the  valley  aeb  is  one 
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Fio.  8.— East-west  section  through  Round  Mountain  and  Meto  Mountains,  Faulkner  County. 

and  the  same  geologically,  although  it  may  be  divided  at  6  by  a 
watershed,  or  the  ridge  may  be  broken  at  o  and  c.  It  should  aJso 
be  noted  that  the  shales  that  dip  westward  at  a  dip  northward  at  e, 


Fig.  9.— North-south  section  through  Meto  TTills. 

and  the  same  l)ed  would  di])  southward  on  the  south  side  of  the  axis 
of  the  fold. 

Fig.  8  is  an  east-west  section  along  the  summit  of  ^leto  Mountain 
(a  group  of  parallel  ridges  a!)out  5  miles  wide  l>ang  just  north  of 
Faulkner  Gap)  and  across  the  summit  of  Round  Mountain  to 
Arkansas  River. 

A  north-south  section  across  the  Meto  Hills  to  a  point  about  3 
miles  north  of  the  town  of  Holland  is  given  iw  ¥y^,  ^. 
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These  details  are  sufficient  to  ^ive  a  pretty  clear  idea  of  the  geology 
of  Faulkner  C\)unty  with  reference  to  the  (K'currence  of  the  clays  and 
clay  shales.  The  shales  form  the  valleys  of  the  region;  the  sand- 
stones form  the  ridges.  The  shales  are  seldom  seen  at  the  surface, 
being  covered  usually  by  residuary'  material  of  one  or  another  kind. 
At  many  j)laces,  especially  in  the  lower  valleys  or  *^  slashes,"  the  sur- 
face soil  is  a  '^buckshot  clay.^'** 

About  the  })ases  of  the  sandstone  ridges  the  debris  from  the  hill- 
sides— blocks  of  sandstone  and  sandy  red  clays — cover  the  outcrops. 
The  shales  are  almost  invariably  found  in  digging  wells,  so  that  the 
])eo])le  have  an  idea  that  the  shale  or  "slate,"  as  they  generallj^  call 
it,  lies  close  to  the  surface  all  over  the  county.  This  appears  to  be 
the  case,  because  the  wells  are  usually  dug  in  the  valleys  and  the 
valleys  are  carved  in  the  shales.  This  will  be  understood  from  the 
accompan^ang  figure,  which  shows  the  geology  of  the  region  about 


Cadron  Ridge 


Fig.  10.— Seetion  showing  the  relations  of  the  shales  of  the  valley  to  the  loam  and  soil  about  ConvfAj. 
so,  Soil;  f(h,  shale;  ss,  sandstone. 

Conway  w^ith  relation  to  the  shales,  the  decayed  shales,  and  the  soil 
of  the  valley  to  the  sandstone  on  Oadnm  Ridge,  a  short  distance 
north  of  the  town. 

CLAY  DEPOSITS. 

The  clays  and  clay  shales  of  Faulkner  County  are  of  four  kinds — 
(1)  clay  shales;  (2)  limonitic  buckshot  clays;  (3)  leached  clays 
along  the  bayous  and  in  the  slashes;  (4)  alluvial  and  sandy  choco- 
late clays  skirting  the  bottoms  of  Arkansas  Kiver  and  in  some  places 
extending  far  up  its  affluents  from  this  county,  such  as  the  Cadron. 

(LAY    SHALES. 

With  the  preceding  explanation  of  the  geologic  structure  the  distri- 
bution of  the  clay  shales  may  be  readily  understood.  They  lie  in  the 
valleys  everywhere  in  the  county.  Of  course  there  are  lowlands,  like 
tlu»  alluvial  plains  of  Arkansas  River,  made  up  to  a  considerable 
depth  of  river  silt,  clay  No.  4  of  the  a!)()ve  list,  sand,  and  gravel,  to 

«  For  the  disj-ussion  of  the  Imcksliot  clays  s(k»  p.  '2S. 
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which  this  statement  is  not  intended  to  apply.  The  alluvial  materials 
that  have  filled  the  valleys  of  some  of  the  other  streams  have  also 
buried  the  shales  to  a  considerable  depth.  These  are  not  the  places, 
however,  in  which  one  would  expect  to  find  the  clay  shales  accessible 
for  practical  purposes.  Indeed,  while  the  valleys  have  shales  of  great 
thickness,  the  rocks  are  usually  at  too  low  an  elevation  to  pennit 
advantageous  exploitation,  on  account  of  the  expense  of  lifting  the 
material  from  shafts  or  other  openings  and  of  draining  these  openings. 
Crude  material  to  be  cheap  must  be  easily  accessible  and  must  therefore 
be  sought  on  high  ground,  where  the  locahty  facilitates  exploitation 
and  avoids  the  necessity  of  draining  the  pits.  There  are  several  shale 
hills  and  ridges  in  the  county  where  these  conditions  are  favorable, 
and  if  one  observes  the  geologic  section  north  and  south  across  the 
county  it  will  be  seen  that  these  places  are  most  likely  to  occur  on 
the  axes  of  the  synclinal  folds.  One  of  these  hills  is  known  as  Round 
Mountain,  and  is  located  in  sees.  11  and  14,  T.  5  N.,  R.  12  W..,  about  on 
the  axis  of  the  Conway  syncline.  This  little  mountain  stands  about 
250  feet  above  the  general  level  of  Cypress  Valley  and  is  in  every 
respect  similar  to  one  having  the  same  name  in  Wliite  County,  which 
is  located,  like  this  one,  on  the  axis  of  the  Conway  sjTicline.  The 
rocks  here  are  nearly  horizontal,  dipping  gently  to  the  south  beneath 
the  mountain,  which  is  capped  by  a  bed  of  sandstone  that  has  pre- 
served what  remains  of  it  from  complete  destruction.  The  total  area 
covered  by  this  mountain  is  about  one-half  a  square  mile. 

Samples  of  the  shale  from  this  mountain  have  not  been  analyzed, 
but  samples  from  the  same  beds  in  Round  Mountain  of  White  County 
have  been  analyzed  and  it  is  probable  that  they  have  the  same  or 
approximately  the  same  composition.  These  analyses  are  given 
on  page  224. 

No  coal  has  been  found  in  the  Faulkner  County  mountain,  but  the 
existence  of  a  2-foot  bed  of  coal  in  the  White  County  mountain  war- 
rants the  supposition  that  there  may  be  a  similar  bed  in  this  one  also. 

Just  west  of  Round  Mountain  is  another  though  somewhat  smaller 
hill,  which  has  no  local  name.  Tliis  hill  has  the  same  geologic  struc- 
ture as  Round  Mountain  and  is  composed  of  the  same  kinds  of  rocks, 
which  lie  in  the  same  position.  It  stands  in  sections  15  and  16  of  the 
same  townsliip  and  covers  an  area  of  about  160  acres. 

The  other  synclines  in  wliich  the  argillaceous  shales  abound  are  the 
Holland  syncline,  the  Greenbriar  s}^lcHne,  and  the  Cato  s\aicliiie. 
The  shales  of  the  Holland  s}aicline  are  exposed  in  the  Conway- 
Greenbriar  road  in  sec.  13,  T.  6  N.,  R.  14  W.,  where  the  road  crosses 
East  Cadron  Creek.  The  body  of  the  ridge  just  north  of  the  creek  at 
this  place  is  of  clay  shale,  and  the  whole  is  capped  by  sandstone. 
The  ridge  extends  a  mile  to  the  west  of  the  East  (Madron  bridge,  but  to 
the  east  it  bends  gently  toward  the  south  to  sec.  15,T,Qi^,,^,  Vl^  .^ 
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when*  it  curvos  ahniptly  iiortliwaril,  ])asses  to  the  east  and  north  of 
tho  vilhigo  of  Ilolhinil,  and,  bondmjr  flpon  itself,  passes  westward  hy 
Limloii  post-oflire. 

This  sNiicline  is  topographically  highest  at  its  western  end,  where 
the  hills  stand  about  150  feet  above  the  valley,  and  it  sinks  gradually 
to  the  east.  The  shales  forming  the  body  of  this  elevated  syncline  are 
well  above  water  level,  and  as  they  are  nearly  flat  there  would  be  no 
difliciilty  ill  mining  them.  Their  (Hstance  from  the  railway,  however, 
will  doubtless  prevent  their  being  utilized  for  the  present. 

IIoi*seshoe  Mountain,  near  Greenbriar,  stands  on  the  axis  of  the 
(freonbriar  sjTicline.  This  mountain,  like  tlie  other  synclinal  ridges,  is 
composed  mainly  of  argillaceous  shale  and,  like  tliem,  is  capped  with  a 
j)rolecting  bed  of  sandstone.  It  rises  abruptly  from  the  Greenbriar 
Valley,  above  which  its  sunnnit  stands  about  3()()  feet,  but  sinks  to  a 
level  about  100  f<»et  above  the  (^adron.  These  shales,  while  available 
in  so  far  as  their  c()mj)ositi()n,  abundance,  and  geologic  and  topo- 
graphic disposition  are  concerned,  are  too  far  from  railway  trans- 
portation to  be  of  immediate  use  for  manufacturing  purposes. 

Frenchman  Mountain  marks  tlie  axis  of  the  Cato  syncline.  It  is 
about  250  feet  high  at  its  east  end,  about  a  (piarter  of  a  mile  west  of 
the  town  of  Cato,  but  becomes  lower  toward  the  west.  The  axis  of 
this  sjTicline  (hps  toward  the  west,  so  that  the  mountains  open  west- 
ward, and  the  axis  crosses  the  St.  Louis,  Inm  Mountain  and  Southern 
Railway  near  Mayflower  station. 

Th(»  heavy  beds  of  argillaceous  shale  forming  the  base  of  Frenclunan 
Mountain  are  protected  by  the  usual  sandstfme  bed.  This  locality  is 
s<»vcnd  miles  from  the  railroad. 

The  so-called  Kound  Mountain  grouj)  of  ridges,  lying  between 
J^rcvsto'i  stati<m  and  Arkansas  River,  is  made  up  of  alternate  beds  of 
sandstones  and  shales  that  set  one  ii  the  other  like  a  nest  of  saucers. 
Many  of  these  basic  shales  are  adai)t(>d  to  the  manufacture  of  pipes 
and  paving  bricks,  but  they  have  never  been  utilized.  The  less  basic 
IxmIs  ar(»  available  for  the  manufacture  of  refractory  goods.  They  all 
occur  in  the  greatest  abundance,  well  located  topographically,  of 
good  quality,  and  convenient  to  the  St.  Louis,  Iron  Mountain  and 
Southern  Railway. 

Clays  derived  directly  from  shales  by  decomj)ositi(m  are  common 
over  much  of  Faulkner  County,  but  as  a  rule  they  are  so  concealed 
and  so  irregular  i:i  distributitm  that  })ut  little  can  be  said  of  them. 
Tlicv  are  to  be  sought  on  the  upturned  (Mlg(\s  of  the  clay  shales  where 
these  rocks  have  broken  down  under  disnitegrating  influences,  and  as 
the  sandstones  usually  form  tlu*  hills  and  ridges  and  the  shales  the 
vall(\vs,  these  clays  are  to  l)e  looked  for  chi(»lly  in  the  valleys,  between 
the  sandstone  ridges.  Such  clays  are  often  spoken  of  l)v  the  people  as 
"  rotten  slate."     They  are  abundant  at  the  bases  of  some  hills  of  shale 
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where  the  shale  talus  has  been  broken  up  by  long  exposure  to  perco- 
lating waters. 

Some  of  these  clays  are  available  for  making  rough  pottery,  such  as 
jugs,  crocks,  and  chums,  or  for  making  vitrified  bricks  or  sewer  pipes. 
The  deposits  are  generally  too  small,  however,  to  be  of  much  impor- 
tance. 

I.IMONITIC    BUCKSHOT   CLAYS. 

The  ordinary  buckshot  clay — that  is,  the  clay  containing  small 
nodules  or  concretions  of  iron — occurs  over  half  of  Faulkner  County. 
It  is  most  abundant  in  the  valleys  and  over  the  flat  portions  of  the 
uplands  of  the  county,  and  is  least  abundant  on  the  crests  of  sharp 
ridges  and  in  the  alluvial  bottoms  of  the  Arkansas.  Where  it  is  near 
the  sluggish  bayous,  and  is  overflowed  for  many  days  and  even  weeks 
each  year,  waters  charged  with  organic  matter  have  leached  the  iron 
from  its  upper  portion,  leaving  it  in  places  a  clean,  white  potter's 
clay.  This  same  process,  operating  on  a  minor  scale,  has  produced 
the  yellowish  or  ash-colored  loam  that  forms  the  surface  soil  over  a 
large  portion  of  the  county.  From  this  Ipam  most  of  the  bricks  of 
Faulkner  County  are  made. 

Beneath  this  more  earthy  surface  there  is  generally  an  irregular  bed 
or  band  of  nodules  of  limonite  iron  that  renders  the  clay  difficult  to 
manipulate,  especially  when  the  bricks  are  handn^de,  and  produces 
the  dark  chocolate  and  spotted  color  so  common  in  bricks  from  sucli 
soils. 

The-  limonitic  buckshot  clay  is  so  widely  distributed  in  Faulkner 
County  that  it  may  be  said  to  form  the  agricultural  soil  of  three- 
fourths  of  the  county.  It  is  doubtless  thickest  in  the  valleys,  in 
nearly  all  of  which  it  covers  large  areas.  It  is  in  the  ^^slashes,''  how- 
ever, or  wherever  the  grouncf  is  flat  enough  to  prevent  ({uick  drainage, 
that  it  occurs  in  its  most  characteristic  foims. 

Throughout  the  Cypress  Valley,  from  the  Arkansas  bottoms  to  the 
eastern  border  of  the  county,  the  buckshot  limonitic  clays  are  con- 
cealed only  by  the  thin  surface  soil,  which  is  in  reality  but  a  part  of 
the  blanket  of  clay  soil  that  covers  the  whole  region.  The  same  is 
true  of  all  the  other  valleys  of  the  county,  but  especially  of  those  in 
wliich  there  is  slash  land,  or  over  which  the  drainage  is  sluggish. 
About  Conway,  Greenbriar,  Holland,  Enolia,  and  Amsteadville  these 
clays  are  abundant,  and  are  everywhere  available  for  making  such 
bricks  as  are  usually  made  of  the  limonitic  clays. 

LEACHED    CLAYS. 

The  leached  clays  are  but  one  phase  of  the  buckshot  clays,  being 
the  upper  soils  from  which  the  iron  has  been  removed  by  acidulated 
waters.     As  a  nile  the  longer  the  water  stands  on  tVve.  ^qvx^<^  S>cvv^ 
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luon*  thoroughly  is  the  iron  h^uchod  from  tho  soil,  and  it  is  by  tliis 
process  that  the  leached  lead-i'olored  clays  are  formed.  Such  clays  are 
tlu^refore  most  ccmimcm  along  the  sluggish  streams  that  reailily  over- 
flow their  banks  ami  spread  out  over  wide,  marshy  bottoms,  such  as 
Palarm  Bayou,  East  Cadnm  Creek,  and  Bayou  Meto.  Ami  it  Ls  over 
the  Hood  plains  of  these  streams  that  the  leached  clays  are  most 
abundant;  not,  however,  in  the  valleys  only,  but  wherever  the  con- 
ditions for  their  formation  are  favoraWe. 

The  leached  clays  are  available  for  the  manufactm-e  of  the  common 
grades  of  pottery,  such  as  jugs,  crocks,  jai-s,  and  milk  pans,  l)ut  as 
their  exploitaticm  is  not  so  easy  tus  that  of  the  Tertiary  potter's  clay 
of  the  southwestern  counties  of  the  State,  they  can  scarcely  compete 
with  tliose  days,  and  can  therefon*  be  of  slight  and  local  importance. 

CHOCOLATE    CLAYS. 

The  chocolate-colored  clays  in  some  places  fonn  wnat  are  kno\^Ti 
as  the  ^'rich  buckshot  lands''^'  adjoining  the  river  bottoms.  They 
aio  usually  too  sandy  to  be  useful  for  manufacturing  puiposes.  In 
j)laces  they  are  very  ''fat.''  They  are  not  everywhere  of  chocolate 
color,  for  wherever  they  ccmtain  nuich  organic  matter  they  have 
become  black  from  the  mixture  of  the  organic  matter  with  the  lime 
with  Avhich  this  clay  is  at  most  places  freely  charged.  Some  of  the 
iiclu»st  agricultural  lands  of  the  State  are  on  these  chocolate  clays. 
They  are  not  known  to  hav(»  any  value  for  manufacturing  purposes. 

CLAY  INDUSTRY. 

The  Cypress  Valley  region  about  Conway''  is  covered  by  a  yellowish 
chiy,  mottled  here  and  there  with  light-gray  patches.  These  gray 
pat(h(\s  are  generally  of  small  area  and  not  very  thick.  In  texture 
the  giay  clay  resembles  the  yellow,  although  it  has  somewhat  different 
([ualities  when  manufactured.  The  upper  porticm  of  the  yellow  clay, 
from  which  the  bricks  are  usually  made,  is  of  a  light-yellow  color,  is 
generalh^  about  2  feet  in  thickness,  and  is  comparatively  free  from  iron 
nodules.  The  lower  division,  from  24  to  lU)  inches  thick,  is  of  much 
(lark(M-  color,  and  ctmtains  a  great  quantity  of  inm  nodules  ranging 
in  size  from  that  of  a  pin  head  to  that  of  a  walnut.  This  lower  clay 
is  not  much  used  for  brickmaking.  The  bricks  made  from  it  are 
stronger-,  harder,  and  more  durable  than  those  made  from  the  upper 
clay,  but  they  do  not  look  so  well. 

The  ch\vs  just  mentioned  are  underhiin  everywhere  throughout 
this  district  by  a  black  argillac(M)us  shal(\,  which  is  more  or  less 
fractured  nc^ar  the  surface,  Ix'coming  hanUM*  and  more  compact  as 

"  Not  l<>  ho  ('(uifiiso  I  wilh  tho  lirnonitif  hiifkshot  clays 

/'Tlio  notes  on  tho  brick  industry  at  Conway  woro  jjrcparod  principally  by  Williaim  Kennedy. 
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they  are  penetrated.     The  upper  layers  of  this  shale  at  some  places 
break  mto  kidney-shaped  pieces,  which  shell  off  concentrically. 

A  well  at  John  McCullough's  old  brickyard,  in  the  NE.  J  NE.  J 
sec.  1,  T.  5  N.,  R.  14  W.,  gives  the  following  section: 

Section  at  John  McCullough^s  old  brichyard. 

Feet. 

Light-yellow  clay  used  for  bricks 2 

Dark-yellowish  clay,  brown  below,  and  containing  iron  nodules 2 

Broken  black  shale 3 

Hard  black  shale  at  bottom  of  well. 

On  the  northeast  comer  of  block  42  of  the  to>tn  of  Conway,  about  1 
mile  southwest  of  McCuUough's  old  yard,  in  a  well  about  200  yards 
east  of  Mr.  Firestone's  brickyard,  the  shales  appear  at  a  depth  of  a 
little  over  3  feet.  In  Firestone's  pits  the  clay  used  does  not  exceed 
2  feet  in  thickness.  This  clay  is  darker  than  that  formerly  used  by 
McCuUough  and  contains  more  iron  nodules. 

The  bricks  are  gray  in  color,  and  where  the  two  clay  beds  have  been 
mixed  the  bricks  are  spotted.  In  the  arch  they  have  a  tendency  to 
melt  at  the  ends. 

Sees.  18  and  19  and  7  and  8,  T.  4  N.,  R.  14  W.;  sees.  10,  11,  12,  13, 
14,  15,  22,  23,  24,  25,  and  26,  T.  5  N.,  R.  14  W.;  and  sees.  6,  7,  18, 
19,  30,  and  36,  T.  5  N.,.  R.  13  W.,  are  covered  by  yellow  clay  similar 
to  that  around  Conway. 

Mr.  Firestone  made  common  bricks  by  hand  until  1902,  when  he 
installed  a  machine  run  by  steam.  He  now  makes  a  stiff -mud  end- 
cut  brick.  The  clay  is  tempered  and  molded  in  a  No.  7  special  plunger 
machine,  dried  in  the  open  air,  and  burned  in  clamp  kilns.  It  requires 
about  seven  days  for  burning.  Two  kilns  are  in  use,  each  of  which 
has  a  capacity  of  200,000  bricks.  Wood  is  used  for  fuel.  Daily  out- 
put, 16,000  bricks.     Size  of  bricks,  8J  by  4i  by  2i  inches. 

FRANKLIN    COUNTY. 

GENERAL  GEOLOGY. 

In  the  extreme  northern  part  of  Franklin  County,  along  Mulberry 
River  and  the  tributaries  entering  that  stream  from  the  north,  rocks 
are  exposed  that  underlie  the  whole  series  of  the  coal-bearing  rocks. 
These  are  the  lowest  and  oldest  rocks  of  Franklin  County,  and  consist 
in  part  of  beds  of  limestone.  So  far  as  is  now  known  no  clays  or  clay 
shales  are  associated  with  these  old  limestones.  South  of  these 
exposures  along  Mulberry  River  the  rocks  of  all  the  rest  of  the  county 
are  newer  and  are  higher  up  in  the  geologic  column  and  belong  to  the 
coal-bearing  rocks  or  the  series  known  as  the  "Coal  Measures'' — a 
series  rich  in  clay  shales  and  fire  clays. 

The  rocks  at  and  near  the  surface  over  most  of  the  county  are 
geologically  somewhat  higher  than  the  coal  beds  found  at  tVv^  CSn^SS^'^v.., 
4813G— Hull.  351—08 7 
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Spadra,  and  Coal  Hill  mines.  The  Spadra  shale,  with  the  accompany- 
ing coal,  extends  westward  from  Allister  about  7  miles  into  Franklin 
County.  The  Spadra  shale  covers  all  the  area  within  T.  9  N., 
R.  26  W.,  lying  south  of  the  section  line  between  sees.  13  and  24,  and 
extends  still  farther  south,  to  Arkansas  River.  They  likewise  include 
sees.  25  and  36,  T.  9  X.,  R.  27  W.  Over  a  large  part  of  this  area  clay 
shales  are  associated  with  the  coal,  and  much  of  this  deposit  promises 
to  be  available  for  the  manufacture  of  fire-clay  products  and  also  for 
sewer  pipe  and  paving  brick. 

Both  north  and  south  of  the  area  here  mentioned,  as  well  as  west 
of  it,  the  rocks  are  higher  in  the  geologic  column.  They  consist,  how- 
ever, of  shales  and  sandstones  that  closely  resemble  those  lower  down, 
in  the  coal-producing  rocks. 

The  following  characteristic  section,  exposed  on  the  east  bluff  of 
Arkansas  River  by  the  railroad  about  a  mile  southeast  of  the  town 
of  Ozark,  shows  the  kinds  and  thickness  of  most  of  the  rocks  of  Frank- 
lin C()unt3^ : 

Section  nrar  Ozark. 

Feet. 

Saudntotic 50 

Shale 90 

Sandstone 15 

Shale 70 

Sandutoiie 10 

Shale 75 

Sandstone 50 

In  the  southern  part  of  Franklin  County  there  is  a  series  of  rocks 
that  stands  higher  in  the  geologic  column  than  those  included  in  this 
Ozark  section.  These  liigher  rocks  belong  to  the  group  w^hichhas  been 
called  in  Arkansas  the  "Poteau.''  They  cover  all  of  Franklin  County 
south  of  Short  Mountain  Creek  and  south  of  the  Vesta  coal  bank  in  T. 
S  N.,  R.  29  W.  These  higher  rocks  are  likewise  exposed  over  a  com- 
j)aratively  small  area  northeast  of  Ozark.  They  form  what  is  called . 
the  Philj)ott  coal  basin,  which  extends  from  Moomaw's  coal  bank  east- 
ward fand  a  little  northward)  for  about  16  miles.  These  uppermost 
formations  include  many  beds  of  shale  and  also  the  coal  beds  of  the 
uppor  productive  part  of  the  coal-bearing  rocks  and  the  fire  clays  asso- 
(•iHt(»(l  with  the  coal  beds. 

CLAY   DEPOSITS. 
CLAY    SHALES. 

rnfortunately  only  one  analysis  has  been  made  of  a  sample  of  clay 
from  Franklin  County,  but  it  seems  safe  to  infer  that  the  analyses  of 
the  shales  of  WhilCy  Pulaski,  Johnson,  and  Sebastian  counties  give  a 
<^()0(1  idea  of  the  character  of  the  clays  and  clay  shales  of  Franklin 
Count  V. 
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It  seems  probable  that  the  fire  clays  and  the  clay  shales  of  Franklin 
County  that  show  rather  high  refractoriness  are  capable  of  being  exten- 
sively utilized.  The  following  three  exposures  along  the  railroad  near 
Ozark  were  noted  by  Mr.  Kennedy : 

In  the  SE.  J  SW.  J  sec.  12,  T.  10  N.,  R.  26  W.,  a  bed  of  fire  clay  4 
feet  thick  underUes  2  inches  of  broken  coal  and  overlies  the  black  shales 
exposed  in  the  water  courses  of  this  district.  About  2  miles  east  of 
Ozark,  in  the  NW.  J  sec.  8,  T.  9  N.,  R.  26  W.,  in  a  cut  on  the  track  of 
the  St.  Louis,  Iron  Mountain  and  Southern  Railway,  there  is  an  out- 
crop of  fire  clay  20  inches  thick  lying  immediately  beneath  3  inches 
of  coal.     The  section  exposed  is  as  follows: 

Section  in  railroad  cut  2  miles  east  of  Ozark. 

Ft.  In. 

Flaggy  Bandstones 4 

Coal 3 

Fire  clay 1    8 

^  Arenaceous  shales  and  thin  sandstone  at  the  base. 

Analysis  of  clay  from  railroad  nit  2  miles  east  of  Ozark. 
[Brackett  &  Smith,  analysts.] 

Silica  (SiOa) 62.92 

Alumina  (AljOj) 23. 60 

Ferric  oxide  (FeaOg) 3. 17 

Lime  (CaO) 23 

Magnesia  (MgO) 57 

sr?N^fc:;i('>^^^«— > ••-' ^-^^ 

Loss  on  ignition  (HjO) 6.  74 

100.00 
Water  at  110*>-115**C 2.65 

On  the  same  railroad  at  the  end  of  an  embankment  in  the  NE.  } 
NE.  i  sec.  7,  T.  9  N.,  R.  26  W.,  a  small  stream  cuts  through  a  bed  of 
blue  and  yellow  shales  8  feet  thick.  These  shales  are  readily  disinte- 
grated by  atmospheric  action  and  are  almost  free  from  sand.  They 
are  overlain  by  a  bed  of  sandstone  about  1  foot  thick. 

In  the  SE.  \  SE.  J  sec.  6,  T.  9  N.,  R.  26  W.,  the  following  section 
is  exposed  on  a  small  stream: 

Section  on  stream,  in  sec.  0,  T.  9  X..  R.  26  W. 

Ft.  In. 

Thin-l>edded  gray  sandstones 4    3 

Light-grayish  blue  clay 2 

Coal 6 

Dark-blue  clay 2 

Soft  black  argillaceous  shales 5 

The  black  shales  of  this  section  arc  very  friable  and  easily  ground 
into  a  paste. 

About  3  miles  oast  of  Ozark,  in  the  NE.  \  SE.  J  sec.  8,  T.  9  K.,^. 
26  W.,  the  railroad  cutting  has  been  earned  Wixow^  «b\>^^  Q\>^>N\fc 
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siliceous  clay  from  4  to  6  feet  deep  and  about  140  yards  long.  When 
dry,  this  clay  is  white,  but  becomes  bluish  when  wet.  At  both  ends 
of  the  bank  the  clay  loses  its  whitish  color  and  becomes  various  shades 
of  red. 

RESIDUAL    CLAYS. 

It  has  already  been  pointed  out  in  the  chapter  on  the  general  geol- 
ogy of  the  State  that  the  rocks  of  the  coal  regions  of  Arkansas  which 
underlie  the  surf  ace,  in  Franklin  County  consist  chiefly  of  alternate 
beds  of  sandstone,  shale,  fire  clay,  and  coal.  When  argillaceous  shales 
are  exposed  for  a  long  time  to  weathering,  they  disintegrate  so  com- 
pletely that  they  form  plastic  clays  available  for  the  manufacture  of 
pottery,  sewer  pipes,  paving  bricks,  etc.  All  the  plastic  clays  found 
among  the  hills  of  Franklin  and  adjoining  counties,  especially  those 
found  in  the  upland  valleys,  have  been  formed  in  this  way.  These 
rocks  were  originally  deposited  as  horizontal  beds  of  sediments;  but 
in  Franklin  County  they  have  been  pressed  into  gentle  folds  and  wonr 
away  by  erosion  until  they  must  be  regarded  as  only  the  badly  muti- 
lated remains  of  the  original  deposits.  But  in  spite  of  this  folding  and 
erosion  and  in  spite  of  the  talus  of  loose  fragments  and  earth  that  cover 
the  outcrops  the  beds  may  be  readily  traced  by  means  of  the  geologic 
structure. 

Only  a  few  localities  at  which  potter^s  clays  have  been  found  and 
worked  will  be  mentioned  here,  but  these  clays  can  be  found  in  abun- 
dance in  Franklin  County  if  a  demand  for  them  should  arise. 

On  the  Ozark-Kingston  road,  running  east  and  west  along  the  south 
side  of  sec.  20,  T.  10  N.,  R.  26  W.,  blue  and  red  shales  of  Carboniferous 
age  appear  in  a  ditch  entering  from  the  creek  near  the  schoolhouse  to 
the  lane  that  turns  north  along  the  middle  of  the  same  section.  These 
shales  appear  to  be  about  6  feet  thick.  About  30  paces  farther  north 
along  this  lane,  in  a  small  artificial  opening,  they  are  sec'n  to  have  dis- 
integrated into  a  light-blue  clay,  3  feet  of  w^hich  is  exposed  at  this 
j)lace. 

A  (tlay  or  disintegrating  shale,  wliich  aj)pears  to  be  the  continuation 
of  the  shales  last  mentioned,  occurs  in  the  N.  J  NE.  J  NE.  J  sec.  29, 
T.  10  N.,  11.  26  W.,  as  well  as  in  the  NW.  J  NE.  i  sec.  29  and  the 
NW.  }  NE.  i  sec.  28. 

TRANSPORTED    CLAYS. 

At  Webb  City,  in  the  NE.  \  NE.  }  sec.  11,  T.  9  N.,  R.  27  W.,  a 
bed  of  pottery  clay  is  exposed  in  a  ditch  along  the  ( )zark-Caulksville 
road.  This  clay  is  almost  white,  is  mottled  witli  small  streaks  of  red, 
and  where  exposes!  has  a  thickness  of  2  feet.  Being  of  Pleistocene  age 
and  forming  a  horizontal  bed,  it  probably  has  a  considerable  areal 
extent.     The  l)ed  is  covered  with  the  usual  watorworn  cherty  gravel 
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and  overlies  gravelly  red  clay,  which  rests  unconformably  on  black 
Carboniferous  shales.     The  section  at  this  exposure  is  as  follows: 

Section  at  Webb  City. 

Feet. 

Watertown  gravel 2 

Pottery  clay  streaked  with  red 2 

Gravelly  red  clay 2 

Black  shales  at  base. 

The  upper  gravel  of  this  section  is  only  2  feet  thick  where  the  clay  is 
exposed,  but  on  the  hillside  south  of  this  exposure  it  is  probably  from 
15  to  20  feet  thick. 

BRICK    CLAYS. 

Enormous  quantities  of  good  brick  clays  lie  in  the  second  bottoms 
of  Arkansas  River  south  of  Altus,  extending  eastward  along  the 
river  as  far  as  the  mouth  of  Horsehead  Creek.  At  some  places,  as  on 
the  road  from  Altus  to  Roseville,  these  brick  clays  are  from  20  to  30 
feet  thick.  The  bricks  made  from  these  clays  are  gray  in  color  aUd 
spotted  with  iron. 

The  area  of  brick  earths  around  Ozark  is  limited  to  a  small  portion 
of  the  NW.  J  sec.  36,  NE.  i  sec.  35,  SW.  }  sec.  25,  and  SW.  }  sec.  26, 
T.  10N.,R.27W. 

No  bricks  have  been  made  at  Ozark  for  several  years.  The  last 
were  made  by  W.  A.  Jennings  in  1886. 

About  1  mile  north  of  the  Roseville  ferry,  near  the  center  of  sec.  33, 
T.  9  N.,  R.  26  W.,  the  Altus-Roseville  road  crosses  a  terrace  of  red- 
dish, sandy,  horizontally  bedded  clays  similar  to  those  of  the  terraces 
at  Argenta  and  Fort  Smith.  At  this  locality  the  terrace  is  about  25 
feet  high.  It  may  be  traced  for  about  300  yards  east  of  the  road  to  a 
point  where  it  is  cut  off  by  a  sriiall  stream,  and  for  about  100  yards 
west  of  the  road.  The  clay  is  the  same  as  that  used  for  the  manu- 
facture of  building  bricks  at  Pendle  &  Morrison^s  yards  in  Fort  Smith 
and  at  Argenta. 

This  terrace  can  no  doubt  be  traced,  at  about  the  same  elevation, 
from  50  to  75  feet  above  the  river,  for  long  distances  on  both  sides  of 
the  river  bottoms,  though  in  many  places  it  has  been  entireFy  removed 
by  erosion. 

At  the  church  in  the  southwest  comer  of  the  SW.  J  SE.  J  sec.  28, 
T.  9  N.,  R.  26  W.,  a  well  about  30  feet  deep  shows  a  surface  of  yellow 
sandy  clay  or  loam,  while  the  materials  brought  up  in  cleaning  show 
the  bottom  to  be  whitish  gravels  stained  with  iron. 

Near  the  south  line  of  the  section  in  the  SW.  }  SE.  J  sec.  21,  T.  9 
N.,  R.  26  W.,  a  well  21  feet  deep  has  the  following  section: 

Section  in  well  m  sec.  21,  T.  9  N.,  R.  2C  W. 

Feet. 

Yellow  sandy  clay  or  loam 3 

Sticky  yellow  clay 18 

Black  shale  ut  bottom. 
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Some  small  patches  of  brick  earth  occur  close  to  Alius.  These 
vary  m  extent  from  1  to  10  acres.  No  bricks  have  been  made  here 
for  several  years. 

The  following  is  a  section  at  Altus  station,  on  the  St.  Louis,  Iron 
Mountain  and  Southern  Railway: 

Section  at  Altus  station. 

Feet. 

Reddish-brown  clay 3 

Yellow  clay 2 

WTiitiflh-yellow  day,  visible 1 

The  colors  seem  to  be  the  only  distinguishing  features,  as  each  of 
the  three  divisions  contains  pebbles  and  their  texture  is  otherwise 
alike. 

In  the  N.  i  SE.  }  sec.  16,  T.  9  N.,  R.  26  W.,  the  road  passes  a  band 
of  red  sandy  clay.  It  lies  upon  the  slope  of  a  hill,  facing  north.  It 
is  about  150  yards  across,  but  its  depth  is  not  known. 

At  several  places  around  Altus  there  are  disintegrated  blue  argilla- 
ceous shales.  On  the  Roseville  and  Altus  road  these  shales  are 
among  red  and  blue  shales  and  thin  beds  of  sandstone  close  to  George 
Page's  house,  in  the  SW.  }  NE.  J  sec.  2,  T.  9  N.,  R.  26  W.,  and  also 
in  a  ditch  at  a  corresponding  level  in  the  NE.  }  SE.  i  sec.  16. 

CLAY  INDUSTRY. 

In  the  NE.  J  NE.  J  sec.  20,  T.  10  N.,  R.  26  W.,  J.  M.  Van  Curom  at 
one  time  manufactured  coarse  earthenware.  The  material  used  was  a 
partially  disintegrated  red  and  light-blue  argillaceous  shale,  from  18 
inches  to  4  feet  in  thickness,  wliich  occurs  on  the  tops  of  the  hills  near 
})y.  The  shale  is  overlain  by  a  thin  layer  of  gravel,  and  owing  to  the 
difficulty  of  separating  the  two  the  material  used  in  this  pottery  con- 
tained a  considerable  quantity  of  small  pebbles,  wliich,  with  the 
appliances  employed,  the  owner  of  the  shop  was  not  able  to  remove 
entirely.  The  red  color  of  this  material  is  so  marked  that  even  when 
ready  for  burning  the  ware  has  a  light-red  color. 

Only  the  commonest  classes  of  ware  used  in  the  neighborhood,  such 
as  chums,  jugs,  crocks,  and  jars,  were  manufactured.  A  dmall 
quantity  of  6-inch  piping  was  also  made,  for  chimney  flues. 

The  slip  used  for  glazing  was  the  ordinary  black  or  Albany  glaze. 
The  kiln  was  not  suitable  for  salt  glazing.  Owing  to  the  general 
roughness  of  the  ware  a  great  amount  of  slip  was  used,  leaving  a 
rough  surface  streaked  with  slip  in  different  stages  of  fusion.  The 
construction  of  the  kiln  also  allowed  ashes  to  settle  on  the  hot  ware, 
where  it  became  fixed  by  the  glazing,  thus  adding  to  the  roughness 
of  the  surface. 

The  fuel  ustnl  in  this  kiln  was  mostly  oak  wood,  but  coal  was  also 
used. 
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These  shales  make  a  coarse  but  strong  ware,  the  loss  by  firing  and 
drying  being  about  2  per  cent.  If  they  were  property  crushed, 
ground,  and  screened,  there  is  little  doubt  that  good,  strong  sewer 
pipe  might  be  manufactured  from  them. 

GARLAND   COUNTY. 

About  Hot  Springs  are  many  beds  of  argillaceous  shales,  which  in 
places  are  decayed  to  soft,  plastic  clays.  At  the  spring  just  below  the 
old  Hale  bathhouse  some  of  these  shales  are  light  colored  and  have 
decayed  to  a  buff  or  dirty  cream-colored  clay,  while  the  darker  shales 
form  on  decay  a  very  black,  sticky  mud. 

Where  the  cut  is  made  for  the  Government  reservoir  at  the  south 
side  of  the  reservation,  the  rocks  cut  are  black  shales  on  the  south  and 
sandstones  on  the  north.  Both  shales  and  sandstones  are  traversed 
by  numerous  quartz  veins,  and  even  where  th^  shales  have  decayed 
and  formed  a  soft,  plastic  clay  broken  quartz  veins  may  be  seen. 
These  decomposed  beds  are  injured  for  practical  use  by  the  presence 
of  these  small  decayed  quartz  veins,  which  now  remain  as  strings  of 
angular  quartz  fragments. 

These  shales  belong  with  the  overlying  rocks  and  are  well  above 
the  novaculites,  which  end  with  the  Garland  conglomerate  bed  shown 
in  the  quarries  on  both  sides  of  the  avenue  above  the  Hotel  Arlington. 

No  clay  industry  of  any  kind  is  at  present  carried  on  in  Garland 
County. 

A  peculiar  form  of  kaolinite  to  which  the  name  rectorite*  has  been 
given  is  found  in  Garland  County  in  sec.  27,  T.  2  N.,  R.  19  W.  This 
material  is  tough  and  leathery,  but  it  has  the  smooth,  soapy  feel  so 
characteristic  of  the  kaolins  and  of  steatite.  It  occurs  in  association 
with  the  Ordovician  sandstones  of  the  region,  but  the  deposits,  so 
far  as  known,  are  only  about  a  foot  thick. 

Analyses  of  reciorite  from  Garland  County. 
[R.  N.  Brackett,  analyst.] 


SiUca  (SI  Of )  

Alumina  (AkOj) 

Iron  (FesOs)        \ 

Lime  (CaO) 

Magnesia  (MgO)}>  (one  determination) . 

Potesh  (KsO) 

Soda  (NatO)        j 

Lobs  on  ignition    


Water  at  110°  C. 


'• 

2. 

52.72 

52.88 

36.60 

35.51 

f    .25 

.25 

.45 

.45 

.51 

.51 

.26 

.26 

2.83 

2.83 

7.76 

7.72 

101.38 

100.41 

8.78 

8.33 

Rectorite  as  it  comes  from  the  ground  ranges  in  color  from  pure 
white  to  reddish  brown.     The  sheets  are  very  flexible  but  entirely 

•  In  honor  of  E.  W.  Rector,  of  Hot  Springs,  who  originated  the  Geological  Survey  ot  .V^Vax^a^a.^ 
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without  elasticity.  It  Is  infusible  before  the  blowpipe,  but  when 
heated  in  the  flame  of  a  Bunsen  burner  it  loses  water  and  becomes 
brittle.  Specimens  of  this  kaolinit^  were  sent  to  ceramic  works  to 
be  tested  practically,  and  the  following  report  was  made  on  the 
results  by  Homer  Laughlin,  of  East  Liverpool,  Ohio: 

The  sample  of  what  you  call  kaolinite  sent  me  was  duly  received  and  carefully 
examined  and  tested  under  fire.  The  mineral  is  neither  kaolin  nor  kaolinite,  but 
just  what  it  should  be  called  I  am  unable  to  say,  never  in  all  my  experience  having 
seen  any  mineral  of  its  kind.  Unlike  kaolin,  it  will  not  dissolve  in  water.  It  bums 
a  white  color  and  becomes  very  vitreous  and  strong.  It  can  not  l>e  finished  with  a 
smooth  face  or  skin,  but  roughs  up  like  a  blotting  pad.  It  is  certainly  a  very  inter- 
esting and  curious  mineral,  but  I  can  think  of  no  use  for  it  in  ceramic  manufacture 
unless  it  could,  after  careful  experiments,  l>e  made  into  novel  ornaments. 

Samples  were  also  sent  to  Oliphant  &  Co.,  of  the  Delaware  Pottery, 
at  Trenton,  N.  J.,  but  they  were  unable  to  say  anything  of  its  quality 
or  market  value. 

Although  rectorite  is  not  now  known  to  have  any  practical  com- 
mercial value,  it  is  mentioned  here  as  of  scientific  interest  and  of 
possible  future  importance.* 

GRANT   COUNTY,  ft 

Grant  County  is  almost  entirely  within  the  area  of  the  "Lignitic" 
(Tertiar}').  The  surface  is  such  as  is  characteristically  found  in  the 
Tertiar}^  area  of  this  State,  being  a  rolling  surface,  broken  in  the 
vicinity  of  the  larger  streams.  The  soils  are  sandy  and  thin  on  the 
uplands,  while  the  higher  ridges  exhibit  abundant  novaculite  gravels, 
at  many  places  rudely  stratified  and  everywhere  small. 

The  divides  are  in  many  places  wide  and  flat,  or  filled  with  a  series 
of  broad  depressions  which  constitute  sandy  *' slashes."  All  support 
a  heavy  growth  of  large  and  fine  pine.  The  bottom  lands  are  charac- 
teristically wet  and  clayey.  They  support  an  abundant  growth  of 
larg(»  white  oak,  red  oak,  and  gum,  with  scattered  groves  of  holly. 

The  general  stratigraphy  here  given  is  the  result  of  composite 
sections  made* up  from  well  records  and  from  sections  in  gullies  and 
cuts  made  by  streams.  Xear  the  mouths  of  the  deeper  ravines  a 
sandy  clay  hes  at  the  })ase  of  the  hills. 

The  members  of  the  Eocene  (Tertiary)  form  a  considerable  portion 
of  the  surface  of  this  county.  .Vs  is  well  known,  these  members  are 
largely  arenaceous,  with  an  admixture  of  thin  clays  of  varying  colors. 
Commonly  these  clays  are  erratically  distributed  in  the  form  of 
small  lenticular  pockets.  The  pockets  are  disposed  without  observ- 
able vertical  order,  but  appear  to  l)e  most  common  near  the  top  of 
the  series.     Their  color  is  nearly  everywhere  drab  to  white,  but  at 

oAmineralogical  description  of  n»ctorito\vas  piiMishf»d  ]>y  H.  S.  Hrackett  ami  J.  F.  NVUlUuns  Id  Am. 
Jour.  Scl.,  3d  ser.,  vol.  42.  1S91,  pp.  l»i-2i. 
<>Thenotefl  on  Grant  County  were  tak«Mi  chit'fly  l)y  K.  K.  <'all  and  (.'.  E.  SielxMithal. 
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some  places,  especially  where  heavy  beds  of  sand  are  superimposed 
upon  them,  it  is  some  shade  of  red. 

In  the  NW.  i  SE.  J  sec.  35,  T.  4  S.,  R.  15  W.,  near  the  mouth  of  a 
small  tributary  of  Saline  River,  there  is  a  bed  of  light-drab  and 
fine-grained  fire  clay,  underlying  a  2-foot  bed  of  lignite.  The  clay 
is  exposed  for  about  2i  feet,  but  its  total  thickness  is  not  known. 
The  locahty  is  difficult  of  access  and  at  present  without  transportation 
facilities. 

The  Ugnite  found  at  this  locality  has  been  tried  in  blacksmiths' 
forges  at  Sheridan  with  indifferent  success.  Several  sacks  of  it 
were  taken  to  that  village  and  burned  in  grates;  it  is  reported  to 
have  burned  well.  On  exposure  it  falls  to  pieces,  eventually  becom- 
ing a  coarse  powder,  which  circumstance  would  prevent  its  general 
use  for  fuel  were  it  otherwise  suitable. 

A  tough,  plastic,  gray  clay  outcrops  on  E.  G.  Davis's  place,  in  the 
SW.  I  NW.  I  sec.  25,  T.  6  S.,  R.  15  W.  A  well  300  yards  west  and 
about  25  feet  higher  went  through  25  feet  of  sand.  The  well  at  the 
gin  in  Sandy  Springs,  which  is  about  400  yards  south  of  the  first  well, 
showed  from  8  to  10  feet  of  white  sand.  The  road  for  IJ  miles 
southwest  of  Sandy  Springs  shows  red  sand  but  no  gravel.  At  one 
place  the  sand  much  resembles  chocolate  clay. 

About  20  feet  of  a  dark  sandy  clay  outcrops  in  a  stream  bank  in 
the  SW.  }  NW.  \  sec.  31,  T.  6  S.,  R.  14  W. 

Stephen  Heard's  well,  near  the  northwest  corner  of  the  SW.  J 
sec.  31,  T.  6  S.,  R.  15  W.,  shows  the  following  section: 

Section  of  Stephen  Heard's  well. 

Feet. 

Red  clay 15 

Potter's  clay 7 

Red  clay 8 

White  gravel  (some  bowlders  as  large  as  a  man's  head) 5 

Clays  of  different  colors,  the  lowermost  containing  leaf  impressions.  31 

White  sand .3 

69 

Plastic  clay  is  reported  near  the  southwest  corner  of  sec.  18,  T.  6  S., 
R.  15  W.;  also  on  the  Davis  farm,  near  the  center  of  sec.  10,  in 
same  township.  A  very  white  plastic  clay  is  reported  to  occur  in 
same  township  near  the  schoolhouse  in  sec.  9,  about  the  middle  of 
the  west  side,  on  a  small  drain  flowing  into  Brushy  Creek. 

Plastic  gray  clay  outcrops  in  the  NW.  \  NW.  \  sec.  31,  same  town- 
ship, in  a  drain  flowing  south  in  Gum  Bottom.  Similar  clay  which 
has  been  used  for  pottery  outcrops  in  drains  and  is  exposed  on  the 
breaks  of  the  hills  farther  east  all  along  the  north  side  of  Gum  Bottom. 
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Sect  ion  of  well  at  Shi'ridan. 

Feet. 
Light  sandy  8oil  with  '.i})uiulaiit  novaculitc  pebblen;   occasionally 

clayey 3 

Small,  waterwom  novaculitc  gravels,  with  much  purplish  quartzite; 

rudely  croes-bedded  and  ntratified 13 

Wliite  sand,  with  lenticular pockeU*  of  drab,  red,  or  yellow  clay;  peb- 

bleri  rare  toward  the  top 43 

Blue  to  black  horizontally  ntratiiied  clay,  containing  in  its  partings 

abundant  lignite  particles  and  mica  sc^aies.    Well  sections  com- 

inonly  end  in  this  member,  which  has  at  no  point  been  penetrated, 

at  8  to  10  feet  below  the  top. 

In  the  roads  from  Benton  to  Sheridan  and  from  Sheridan  to  Pine 
Bluff,  near  the  top  of  every  hill  which  is  crossed,  there  are  thin 
layers  of  a  red  or  yellow  ocherous  clay  which  has  nowhere  been 
found  in  heavy  beds.  The  same  clays  are  found  on  the  faces  of  the 
higher  bluffs  near  all  the  streams  and  form  a  conspicuous  feature  of 
all  the  deeper  washes. 

Limonitic  or  buckshot  brick  clays  similar  to  those  used  at  Malvern 
occur  in  the  bottoms  of  all  the  streams,  especially  in  those  of  Lost, 
Hurricane,  and  Darysaw  creeks,  and  in  that  of  Saline  River.  The 
distribution  of  these  limonitic  clays  is  well  defined.  They  skirt  the 
bases  of  all  the  hills  and  extend  over  the  bottoms  of  all  the  creeks 
and  deep  branches,  forming  the  roadbed  in  all  such  localities.  The 
cold  and  wet  character  of  the  bottom  lands  is  due  to  their  presence, 
for  water  does  not  readily  percolate  through  them.  Throughout  the 
bottom  lands  they  rise  here  and  there  to  the  surface  in  barren  patches. 
A  map  of  the  region  including  the  river  and  creek  bottoms  would  be 
a  map  showing  the  distribution  of  the  limonitic  hardpan  or  buckshot 
clays. 

The  pine  flats  or  pine  slashes  of  the  higher  lands  are  of  a  sandy, 
drab-colored  clay,  which  is  used  locally  for  building  chimneys.  In 
on(^  j)lace,  at  Sheridan,  it  has  })een  employed  in  the  manufacture  of 
rough  bricks.  The  clay  is  not  well  suited  to  this  use,  containing  too 
nmc'h  sand,  too  little  iron,  and  burning  to  a  poor  color.  The  jail 
at  Sheridan  is  built  of  bricks  made  from  this  clay — the  only  kiln 
of  brick  known  to  have  been  made  in  the  county. 

The  region  along  Saline  Kiv(T,  especially  at  the  base  of  the  bluffs, 
giv(\s  most  promise  of  exhibiting  deposits  of  lire  and  pottery  clays, 
this  region  being  the  one  that  l)est  ex])oses  the  deeper  lying  Tertiary 
clays. 

At  numerous  localities  throughout  Grant  C\)unty,  and  notably  in 
the  vSW.  \  SW.  1  sec.  11,  T.  5  S.,  K.  13  W.,  there  is  a  highly  ferrugi- 
nous sandstone  at  places  attaining  a  thickness  of  1  foot.  This  rock 
occurs  commonly  well  up  on  the  sides  of  the  hills  and  not  infrequently 
caps  their  summits.     In  other  localities  the  gravels  are  con^omerated, 
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or  cemented,  with  iron  oxides,  and  may  be  removed  in  large  masses 
from  the  hilk.  Both  sorts  are  locally  used  for  imderpinning  houses 
and  bams,  and  occasionally  for  building  chimneys.  In  a  region 
where  other  hard  rock  is  entirely  wanting,  these  beds  appear  to  be 
very  valuable  for  both  these  uses. 

The  water  from  the  wells  has  a  bitter  saline  taste,  due  possibly  to 
epsom  salts  (magnesium  sulphate)  or  to  sulphate  of  iron.  Only 
water  coming  from  the  numerous  springs  along  the  contact  line 
between  the  gravels  and  the  underlying  clays  or  clayey  sands  appears 
to  be  free  from  this  bitter  taste. 

It  is  beheved  that  the  beds  underlying  the  surface  members  are 
equivalent  to  those  at  Camden. 

No  plant  of  any  kind  in  the  county  is  engaged  in  the  manufacture 
of  brick  or  other  clay  products. 

GREENE  COUNTY. 

GENERAL  GEOLOGY. 

Greene  County  is  divided  into  three  natural  topographic  provinces — 
the  St.  Francis  River  sunken  lands  on  the  east,  Crowleys  Ridge  in  the 
center,  and  the  Cache  River  bottoms  on  the  west. 

The  St.  Louis,  Iron  Mountain  and  Southern  Railway  from  Jones- 
boro  to  Piggot  runs  along  the  second  bottom  land  on  the  east  side  of 
Crowleys  Ridge.  The  second  bottom  land  is  formed  of  reworked 
material  derived  from  Crowleys  Ridge.  It  is  a  yellow-clay  soil,  well 
adapted  to  the  cultivation  of  wheat  and  com.  At  Paragould  the 
yellow-clay  land  extends  about  2  miles  eastward  from  the  foot  of  the 
ridge. 

East  of  the  yellow-clay  second  bottom  land  comes  a  narrow  band 
of  glady  clay  soil  which  extends  eastward  for  about  2  miles.  The 
clay  that  forms  this  strip  is  a  white  to  gray  joint  clay  or  pipe  clay, 
which  is  very  tough  when  wet  but  pulverizes  completely  when  turned 
by  the  plow  and  exposed  to  the  sun  and  rain.  In  texture  the  soil  is 
very  similar  to  that  of  the  second  bottom  to  the  west. 

The  western  edge  of  the  white  glady  land  marks  the  western  limit 
of  high  water  of  St.  Francis  River.  Until  recent  years  backwater 
from  the  river  would  stand  on  the  land  until  the  iron  oxide  had  been 
leached  out  so  as  to  leave  the  soil  cold  and  lifeless.  Where  the  land 
has  been  drained  and  the  water  kept  from  standing  on  it,  the  soil 
within  three  to  four  years  assumes  a  brown  to  yellowish  color  and 
becomes  more  productive. 

The  soil  of  the  country  east  of  the  glade  land  is  composed  of  fine 
silt  and  sand.  The  sandy  land  stands  8  to  10  feet  lower  than  the  white 
glady  land  to  the  west. 

The  Tertiary  rarely  appears  at  tlie  surface  along  the  eastern  edge 
of  Crowleys  Ridge  in  Greene  County,  but  is  covered  by  later  vl^^;\v^'t^\V^^ 
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consistino;  of  Lafayette  gravel  and  sand  and  loess.  In  one  of  the 
wells  at  Paragould  the  Tertiary  was  encountered  below  20  feet  of 
yellow  clay  and  about  the  same  thickne^ss  of  iron-stained  gravel 
(Lafayette). 

On  the  western  edge  of  the  ridge  the  Tertiary  sands,  interstratified 
with  variegated  clays,  occur  at  various  places  along  the  ste^p  and  in 
places  almost  vertical  cliffs. 

The  hard  quartzose  sandstone  ledges  which  are  found  at  the  foot 
and  on  the  sides  of  the  ridge  near  the  railroad,  in  the  northwestern 
part  of  Craighead  County,  outcrop  in  no  less  than  five  localities  in 
Cfreene  County.  One  occurs  on  the  line  between  Greene  and  Craig- 
head counties,  one  near  Walcott,  one  near  Crowley,  one  west  and 
another  northwest  of  Gainesville,  and  still  another  is  reported  3  miles 
west  of  Paragould.  At  each  place  the  sandstone  is  similar  in  appear- 
ance to  the  Tallahatta  of  central  Mississippi,  but  its  exact  age  is  as 
yet  unknown. 

Buckshot  clay  lands  and  the  sandy  bottom  land  of  Cache  River 
bottom  occupy  the  country  to  the  west  of  Crowleys  Ridge. 

CLAY  INDUSTRY. 

The  only  clay  used  in  the  county  for  other  than  agricultural  pur- 
poses is  the  loess  and  reworked  loess  used  in  the  manufacture  of 
bricks  at  Paragould  and  Gainesville.  A  sample  was  taken  from  the 
loess  at  the  village  of  Gainesville,  where  it  is  employed  in  the  manu- 
facture of  bricks.     It  is  hardly  a  typical  loess,  but  it  is  closely  allied 

to  it. 

Analysis  of  loess  used  for  bnchmahirig  at  Gainesville. 

[Dried  at  110*'-115°  C.    Brat-kctt  A  Smith,  analysts.] 

Silica  (SiO.;) 81. 34 

Aliiiiiina  (ALOg) •  9. 71 

Forric  oxide  (Fe./)3 ) 3. 67 

l.iino  (CaO) 29 

Ma^esia  (MgO) 33 

Manganese  (MnO ) Trace. 

Alkalies,  by  difference 1. 55 

Loss  on  ignition 3. 11 

100.00 

Air-dried  sand  in  air-dried  specimen 35. 00 

The  deposits  from  which  this  sample  came  lie  on  the  slope  of  a  hill, 
tlie  base  of  which  is  comi)osed  entirely  of  Tertiary  partly  colored 
sands.  Except  for  the  small  j)ercentao:e  of  sand  in  the  air-dried 
specimen  and  the  greater  oxidation  of  the  iron  this  soil  does  not  diflFer 
materially  frcmi  typical  loess. 

Tiie  bricks  from  the  plant  of  tiie  Paragould  Brick  Company  are 
nnule  from  th(»  reworked  loess.     1  )rA'-pressed  and  wet-mud  bricks  are 
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made.  The  clay  for  the  wet-mud  bricks  is  tempered  and  molded  by- 
steam,  dried  in  covered  racks,  and  burned  in  updraft  clamp  kilns. 
It  requires  about  seven  days  for  drying  and  fourteen  days  for  burning. 
Wood  is  used  for  fuel. 

Two  kinds  of  clay  are  present  in  the  pit.  The  upper,  porous 
yellow  stratum  is  best  adapted  for  making  brick.  The  lower  stratum 
is  a  compact,  plastic  gray  clay  which  can  not  be  used  fo^brick  with- 
out being  mixed  with  the  overlying  yellow  clay.  Wheat,  used  alone 
it  checks  badly  in  drying.  The  wet-mud  machine  has  acapacity  of 
20,000  bricks  a  day. 

The  clay  for  the  dry  press  is  stored  in  a  dry  shed  for  several  weeks 
and  is  then  molded  into  bricks  and  set  in  an  updraft  kiln.  It  requires 
about  seventeen  days  to  bum  the  dry-press  bricks.  The  machine 
has  a  capacity  of  15,000  bricks  a  day.  About  50  per  cent  of  the 
bricks  made  at  Paragould  are  sold  at  the  kiln;  the  remainder  are 
shipped  to  neighboring  towns. 

The  following  analysis  was  made  from  the  reworked  product  of  the 
loess  at  Paragould : 

Analysis  of  brick  earth  from  the  surface  at  Paragould. 
(Dried  at  llO^-US*'  C.    Brackett  &  Smith,  analysts.] 

Silica  (SiOj) 79. 07 

Alumina  (AljOg) 8.  79 

Iron  (FejOa) 2. 54 

Lime(CaO) 

(by  difference) 2. 37 


Magnesia  (MgO). 

Alkalies ^ 

Manganese  (MnO) 3. 68 

Loss  on  ignition 3. 55 


100. 00 
Air-dried  sand  in  air-dried  clay 43.  64 

The  percentage  of  iron  found  in  analyses  of  Greene  County  clays 
is  commonly  sufficient  to  give  the  bricks  a  deep  shade  of  red.  In 
analyses  of  clay  from  Paragould  only  a  trace  of  manganese  appears. 
The  red  color  of  bricks  made  from  loess  clays,  therefore,  seems  to  be 
due  to  the  iron  alone.  To  get  brown  colors  it  will  be  necessary  to 
add  manganese-bearing  clay.  Lime  and  other  alkalies  form  an 
inconsiderable  portion  of  the  whole  clay.  From  these  loess  soils  the 
best  quality  of  pressed  brick  may  be  made.  This  has  already  been 
practically  demonstrated  at  many  places  along  the  upper  Mississippi 
River. 
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HEMPSTEAD  COUNTY. 

GENERAL  GEOLOGY. 

Ill  its  general  features  the  geology  of  Hempstead  County  is  very 
simple.  The  rocks  of  the  northern  part  of  the  county  are  upper 
Cretaceous,  while  those  of  its  southern  part  are  Tertiary.  The  upper 
Cretaceous  rocks  are  covered  with  great  beds  of  waterwom  material — 
cobblestones,  pebbles,  and  sand.  This  gravel  is  especially  abundant 
about  Bingen  and  between  Nashville  and  Hickory  Creek. 

The  line  of  juncture  between  the  Cretaceous  and  the  "lignitic" 
(Tertiaiy)  where  the  latter  overlaps  the  former  enters  the  county  at 
a  point  northeast  of  Hope,  south  of  the  railroad,  and,  following  a 
generally  southwest  direction,  crosses  Bois  d^Arc  Creek  about  4 
miles  southeast  of  Fulton.  South  of  this  line  everything  in  the 
county  is  Tertiary,  except,  of  course,  the  alluvial  flood  plains  of  the 
streams  and  the  occasional  patches  of  Pleistocene  materials.  The 
Cretaceous,  however,  dips  to  the  southeast  beneath  the  Tertiary, 
and  deep  wells  sunk  in  any  part  of  the  Tertiary  region  must  sooner 
or  later  strike  the  Cretaceous  rocks.  As  elsewhere  in  the  State,  the 
Tertiary  beds  are  mostly  soft  and  are  disposed  in  horizontal  or 
ne?frly  horizontal  strata.  The  whole  of  this  Tertiary  part  of  the 
county  has  been  more  or  less  denuded,  but  in  some  places  the  streams 
have  cut  out  the  beds  to  make  the  valleys,  leaving  the  remnants  of 
these  beds  in  the  hilltops,  where  they  are  covered  with  a  thin  coating 
of  s^md,  gravel,  and  loam. 

CLAY  DEPOSITS. 

In  southern  Hempstead  County,  as  elsewhere  in  the  Tertiary 
regions,  pottery  clays  are  found  in  patches.  This  fragmentary 
nature  of  the  pottery  clay  deposits  may  be  due  either  to  the  original 
j)()ckoty  nature  of  the  sediments  or  to  subsequent  erosion,  which  has 
HMuoved  a  great  part  of  the  original  clay  beds.  In  prospecting  to 
determine  the  extent  of  known  deposits  these  points  should  be 
(l(»termined  first  and  prospecting  carried  on  accordingly. 

The  pottery  clay  deposits  of  Hempstead  County,  so  far  as  they 
have  been  practically  tested,  are  best  known  in  the  neighborhood  of 
S])ring  Hill,  a  town  about  6  miles  south  of  Hope,  and  in  T.  13  S.,  R.  24 
W.,  4  miles  south  of  Hope. 

CLAY  INDUSTRY. 

Polf)/  pottery, — There  was  formerly  a  small  pottery  4  miles  south  of 
Hoix*,  operated  by  John  Foley.  The  day  was  obtained  from  a  bank 
opened  in  the  NW.  }  SE.  i  sec.  18,  T.  13  8.,  K.  24  W.  The  clay 
deposit  is  about  loO  yanls  in  diameter,  as  shown  by  test  pits,  and 
ii<:^]v^aivs   14  feet  in  thickness.     It  is  divided  into  two  beds,  an 
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Ill 


upper  one,  4  feet  thick,  of  a  clay  that  is  of  bluish  color  when  wet, 
but  nearly  white  when  dry.  This  bed  contains  seams  of  indurated 
or  slaty  clay,  so  hard  as  to  require  grinding.  The  lower  bed  of  clay 
is  10  feet  thick,  and  when  wet  is  of  a  pinkish  hue.  It  contains  some 
iron  stains  and  weathers  to  a  yellowish  color. 

The  upper  one  of  these  clay  beds  was  used  for  the  manufacture  of 
flower  pots  and  the  various  classes  of  pottery  demanded  in  the  dis- 
trict. The  lower  bed  was  used  exclusively  for  making  fire  bricks. 
Bricks  made  from  this  clay  are  light  and  porous,  and  are  of  a  cream 
color.  To  render  the  clay  porous  enough  for  brick  manufacturing 
sawdust  was  mixed  with  it  before  molding. 

Analyses  of  the  clays  used  by  Mr.  Foley  in  the  manufacture  of 
pottery  and  fire  bricks  are  given  below.  Each  specimen  analyzed 
was  dried  at  110°-115°  C. 

Analyses  of  clays  from  beds  near  Hope, 
[Brackett  6c  Smith,  analysts.] 


8aica(SiOt) 

Alamina  (AlsOi) , 

Ferric  oxide  (FetOs)  .. . 

Liine(CaO) 

Magnesia  (MrO) 

Potash  (KK)) 

8oda(Na«0) 

Loss  on  ignition  (HsO) 

Band ."T 

Wateratno«-115oc... 


76.33 
16.04 
1.24 


5.40 


100.00 
13.00 
2.23 


73.87 
17.38 
1.64 

1.46 

5.65 


72.48 
18.24 
1.52 

1.98 

5.78 


100.00 


1.92 


100.00 
3.62 
1.69 


Other  clays  suitable  for  the  manufacture  of  fire  brick  may  be 
foimd  within  a  short  distance  of  the  Foley  pit. 

Spring  HiU  pottery, — Before  the  civil  war  a  small  pottery  was  oper- 
ated at  Spring  Hill,  where  several  beds  of  clay  are  available  for 
pottery. 

At  present  (1906)  a  pottery  is  operated  near  Spring  Hill  by  Michael 
Foley.  Tertiary  clays,  such  as  those  used  at  Texarkana  and  Ben- 
ton, are  used  for  the  manufacture  of  jug  ware,  crocks,  and  churns. 

Hope  hricJc  worJcs. — A  large  brick  plant  was  established  at  Hope  in 
1904  by  Messrs.  R.  E.  and  N.  P.  O'Neal.  Common  building  bricks 
are  made.  The  bricks  are  molded  by  steam  in  a  Hercules  Senior 
machine,  dried  by  the  pallet  and  rack  system,  and  burned  in  updraft 
clamp  kilns.  The  length  of  time  required  for  drying  depends  on  the 
weather.  About  ten  days  are  necessary  for  burning.  The  fuel  used 
is  wood.  Three  kilns  are  used.  The  bricks  are  made  from  the  sur- 
face clay.     The  plant  has  an  output  of  32,000  bricks  a  day. 
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HOT  SPRING  COUNTY. 

GENERAL  GEOLOGY. 

The  Tertiary  border  enters  Hot  Spring  County  from  the  northeast, 
in  Saline  Township,  and  crossing  the  Hot  Spring  Railroad  a  mile 
south  of  Butterfield  and  Ouachita  River  at  Rockport,  passes  into 
Clark  County  a  few  miles  above  the  mouth  of  Bayou  de  Roche.  To 
the  south  and  east  of  this  line  lie  the  nearly  horizontal  Tertiary  beds, 
wliile  to  the  north  and  west  the  county  is  moimtainoujs  and  the 
Paleozoic  rocks  are  much  folded,  broken,  and  eroded.  Though  it  is 
not  impossible  that  pottery  clays  may  be  found  among  the  disinte- 
grated shales  of  the  hilly  regions,  the  Tertiary  is  eminently  the  region 
of  pottery  clays,  not  only  in  Hot  Spring  County,  but  in  the  whole 
State  of  Arkansas. 

The  Tertiary  formations  have  been  denuded  in  Hot  Spring  County, 
as  elsewhere,  so  that  the  uppermost  beds,  being  deeply  scored  by 
gullies,  ravines,  and  valleys,  are  more  or  less  fragmentary.  Where 
the  pottery  clay  beds  belong  with  this  uppermost  group  they  have 
been  exposed  in  the  sides  of  the  hills,  but  their  margins  have  been 
covered  and  concealed  by  the  less  soluble  and  less  portable  remains 
of  the  overlying  beds  and  by  wat<?rwoni  materials  of  Pleistocene  age. 
The  structure  of  the  region  is  thus  obscured  in  spite  of  its  great  sim- 
plicity, and  for  this  reason  the  potteiy  clays  have  been  found  only 
where  they  happen  to  be  uncovered  by  some  natural  process,  as  in  the 
channel  of  a  stream,  or  artificially  along  roadsides  or  in  wells. 

CLAY  DEPOSITS. 
PERLA  SWITCH  CLAYS. 

The  only  place  at  which  the  Tertiaiy  potteiy  clays  are  known  to 
have  been  worked  in  Hot  Spring  County  is  at  Perla  switch,  about  2 
miles  east  of  Malveni  stati(m  on  the  St.  Louis,  Iron  Mountain  and 
Southern  Railway.  At  this  place  Messrs.  O.  C.  Atchison  &  Co. 
manufacture  the  ordinaiy  kinds  of  common  pottery  ware,  such  as 
chums,  jars,  cnxjks,  jugs,  fiiiit  jai*s,  sewer  pipes,  flue  linings,  and 
fire  bricks.  The  clay  is  obtained  from  a  bank  on  the  west  side  of  a 
small  stream  in  the  NPl  i  SE.  J  sec.  24,  T.  4  S.,  R.  17  W. 

The  section  on  \ni<fc  113  shows  the  relation  of  the  potteiy  clays  of 
Atchiscm's  pit  to  the  hill  cm  the  west  and  south. 

The  chiys  are  covercMl  by  3  to  5  feet  of  gravelly,  sandy  soil,  the 
peljl)les  of  which  are  principally  of  quartz  and  novaculite. 

Tlie  upper  part  of  the  day  bed  has  occasional  pockets  of  pebbles, 
formed  in  cavities  made  ])y  the  decay  t)f  roots  and  stumps,  the  upper 
gravel  having  fallen  into  th<*se  openings. 


HOT    SPRING    COUNTY. 


118 


The  light  lead-colored  clays  forming  the  upper  part  of  the  clay 
bed  merge  into  mottled  clays  below,  and  these  in  turn  are  followed 
by  snuff-colored  layers,  while  the  lowest  part  of  the  bed  visible  is  a 
dark-brown  mucky  looking  clay.  Fossil  leaves  occur  only  in  the 
two  lower  members.  If  they  ever  existed  in  the  upper  part  of  the 
clay  they  have  been  destroyed  by  the  action  of  percolating  water. 

The  depth  of  this  clay  bed  was  tested  with  an  earth  auger  and 
was  found  to  be  30  feet.  The  bed  is  more  sandy  below,  however, 
and  contains  some  iron  pyrites,  which  injures  it  for  pottery  making. 

The  light-colored  upper  part  (10  feet)  of  Atchison^s  clay  pit  is 
used  chiefly  for  the  manufacture  of  pottery.  This  clay  bums  to  a 
hard,  solid  body  and  is  easily  glazed  with  either  the  Seneca  Falls  or 
Albany  slip  clay  or  with  salt.  The  lower  bed,  wliich  consists  of 
dark  clay,  is  utilized  for  the  manufacture  of  fire  bricks,  sawdust 


Fig,  11.— Section  at  Atchison's  clay  pit  at  Perla  switch,  Hot  Spring  County.    ««,  Sandstone; 

gr,  gravel. 

being  mixed  with  the  clay  to  give  the  bricks  the  necessary  texture 
and  porosity.  This  clay  bums  to  a  light-cream  color  and  the  ware 
has  a  remarkable  bell-like,  metallic  ring. 


Analyses  of  clays  from  Perla  switch. 
[Brackett  A  Smith,  analysts.] 


8Uica(S10,) 

Alumina  (AUO3) 

Iron  (ferric)  oxide  (FojOti 

Ume(CaO).. 

Magnesia  (MgO)  L^     difTercncoi 

Potash  (K,0).     r^'^y  aiiiercnco. 

8oda(NasO).. 

Water  (IltO).. 


WateratllOMlS^C. 
Fine  white  sand 


Light-  Dark- 
colored  I  colore<l 
pottery  1  J)  rick 

clay,  j  clay. 


73.  24  1 
I9.r.l 
1.04 

72. 59 
ir>.  08 
1.18 

.7S 

3. 81 

.',.33 

<).  34 

KJO.  (« 
2.01 
.5.40    . 

100.  (K) 
2.08 

On  John  Wilkerson's  land  in  the  X.  \  NE.  }  sec.  35,  T.  4  S.,  R.  17 
W.,  there  Ls  a  deposit  of  light-colored  pottery  clay  from  which  tW 
48136— Bull.  351—08 8 
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Atchison  Company  formerly  obtained  its  supply.  This  clay  has 
been  recently  tested  for  fire  bricks  by  the  Clark  Pressed  Brick  Com- 
])any,  of  Malvern.  It  is  thought  that  it  will  prove  of  excellent 
quality  for  this  piirj)ose. 

OTHER    CLAYS. 

The  to])ography  of  the  country  about  Perla  switch  and  the  dis- 
position of  the  Tertiary  beds  lead  to  the  belief  that  the  potters- 
clays  found  at  the  Perla  j)its  may  also  be  found  on  the  northwest 
side  of  the  railroad.  Similar  beds  may  reasonably  be  looked  for  on 
both  sides  of  the  railroad  at  Traskwood,  and  along  the  line  of  hills 
northwest  of  the  road.  These  clays,  however,  may  vary  locally 
somewhat,  both  iii  character  and  in  thickness,  here  disappearing 
altogether  and  there  forming  thick  pockets,  but  are  probably  rather 
constant  in  geologic  position. 

The  gravel  and  sand  covered  ridge  south  of  Malvern  is  of  the  same 
geologic  stnicture  as  that  at  Perla  switch,  and  similar  pottery  clays 
might  reasonably  be  exj)ected  almost  anywhere  in  that  region. 

West  of  the  ridge  on  which  Malvern  stands  a  dark  clay  containing 
more  or  less  lignit<»  is  found  in  wells.  The  following  is  the  record 
of  a  well  in  sec.  22,  T.  4  R.,  R.  17  W. 

Section  in  urll  vritt  (if  Malvern. 

Feet. 

(iravol 12 

WTiiU*  clayey  j^ravel *. .       2 

Black  lijrnitic  clay 13 

27 

The  black  clay  was  not  compl(»tely  penetrated  in  this  well,  and  its 
thickness  is  not  known.  The  bed  may  be  the  equivalent  of  the  beds 
worked  at  Perla  switch.  The  same  bed  has  been  found  in  other 
wells  in  section  22. 

A  sample  of  this  clay  was  buni(Ml  witli  the  following  results: 

Test  nf  rhiff  frnin  sic.  J.*,  T.  /'  N.,  H.  17  M'.,  Hhnwiuij  loss  on  ignition. 

Feet. 

Water  aii<l  volatile  matter 17.44 

Fixed  carlx »ii 5. 61 

Total  loss 23.05 

A  large  Ixul  of  light-colored  or  white  chi}'  underlies  the  gravel  bed 
in  th(x  rear  of  Orr's  Commercial  Hotel  at  Malvern  and  extends  south- 
ward along  th(^  hills  for  several  hundnnl  feet  and  northward  nearly 
across  tlie  street  next  east  of  the  hotel.  It  varies  from  6  to  8  feet 
in  thickness,  and  is  ahnost  ])early  white,  streaked  with  yellow  or 
blown  — tlie  color  heinj^  pnxhiccnl  by  infiltraticm  of  iron-charged 
wMt(»rs  alonsr  eleava<j:e  joints.  It  is  not  known  whether  the  bed  has 
])ceM  reached  in  wells  farther  east. 
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The  well  dug  for  the  planing  mill  at  Rockport  is  said  to  have 
passed  through  a  bed  of  potter-s  clay  before  reaching  the  fossiliferous 
limestone,  but  this  clay  has  not  been  examined. 

The  following  is  the  section  of  A.  Parrish's  well,  near  the  center  of 
the  NE.  J  sec.  7,  T.  6  S.,  R.  17  W.,  as  reported  by  Mr.  Siebenthal: 

Section  in  well  of  A.  Parrish. 

Feet. 

Red  clay 1 

White  clay 8 

Darker  clay 2 

Lignite 1 

White  clay 2 

In  the  NE.  }  sec.  5,  T.  6  S.,  R.  17  W.,  according  to  Mr.  Siebenthal, 
the  Clarkson-Christopher  Lumber  Company^s  tramway  cuts  20  feet 
of  slaty-blue  plastic  clay  which  weathers  very  much  like  the  olive- 
green  clays  of  Little  Rock.  This  clay  contains  leaf  impressions. 
The  locality  is  460  feet  above  tide. 

The  following  is  the  section  record  of  Ford's  well  in  the  SE.  J 
sec.  33,  T.  5S.,  R.  17  W.: 

Section  of  Ford's  well. 

Feet. 

Soil  and  gravel 24 

Tough  bluish  clay 2 

Sand  in  bottom. 

White  plastic  clay  is  reported  on  a  small  stream  in  the  SE.  }  sec.  3, 
T.  5  S.,  R.  17  W.  Mr.  Siebenthal  is  of  the  opiniim  that  it  is  good 
potter's  clay. 

The  following  is  a  record  of  the  well  section  at  Kramer's,  in  sec. 
19,  T.  6  S.,  R.  17  W.  This  place  is  430  feet  above  sea  level  (barom- 
eter): 

Section  of  well  at  Kramer's. 

Feet. 

Soil  and  gravel 10 

Blue  clay 15 

Lignite 2 

Blue  clay 11 

Lignite 2 

Hard  gray  clay 2 

Lignite  in  bottom. 

In  the  NE.  }  sec.  35,  T.  6  S.,  R.  18  W.,  about  a  quarter  of  a  mile 
above  Sulphur  Springs,  Mr.  Siebenthal  reports  4  feet  of  dark-gray 
clay  exposed  hi  the  bank  and  bed  of  the  creek.  The  weathered 
upper  part  of  this  bed  is  dark  and  is  said  to  reseml)le  the  clay  in  the 
Perla  switch  beds  above  Malvern.  It  is  said  that  some  of  this  clay 
has  been  successfully  used  for  manufacturing  pottery.  A  practical 
test  of  it  was  made  by  the  Rev.  Mr!  Clark,  who  burned  it  on  the 
west  side  of  the  Ouachita,  below  Rockport. 
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In  addition  to  the  localities  mentioned  above,  it  is  highly  prob- 
able that  fine  potterv  clays  are  widely  distributed  throughout  all  of 
that  part  of  Hot  Sprinji:  County  lyin^  south  and  east  of  the  St.  Louis, 
Iron  Mountain  anil  Southern  Railway. 

MAGNET   COVK    KAOLIN. a 

The  rocks  of  the  ilajijnet  Cove  are  largely  feldspatliic,  and  in 
phices  they  are  decomposed  to  jijreat  deptlis.  The  only  kaolin  found 
in  Magnet  Cove,  however,  iwcurs  in  a  few  small  scattered  bands  and 
patches,  while  the  resichiaiy  clays  as  a  whole  are  full  of  grit,  inm 
oxide,  and  incompletely  decrayed  fragments  of  mica.  These  clays 
are  not  available  for  brickmaking,  and  even  the  earth  used  for  lining 
chimneys  is  hauled  from  the  region  of  sedimentary  n)cks  outside  of 
the  cove. 

A  well  41)  feet  deep,  dug  at  the  residence  of  J.  F.  Moore,  in  the 
SW.  }  XE.  }  sec.  10,  T.  3  S.,  R.  17  W.,  is  all  in  eruptive  rock,  decayed 
in  place,  nnich  of  which  is  soft  enough  to  be  n»moved  with  the  spade. 
Only  very  thin  streaks  of  kaolin  were  found  in  this  decayed  rock. 

A  small  deposit  of  kaolin  is  uncovere<l  east  of  I.  N.  Johnson's 
house,  in  the  southetust  corner  of  the  cove,  NW.  J  NE.  J  sec.  29, 
T.  3  S.,  K.  17  W.,  and  a  few  layei-s  are  exposed  in  the  Hot  Springs 
road  at  the  w(\st  end  of  the  cove  near  Thomas  Holt's  house,  and  also 
in  his  well,  NK.  ]  NE.  }  sec.  24,  T.  3  S.,  U.  18  W. 

At  John  Neuscirs  house,  NW.  }  NE.  1  sec.  30,  T.  3  S.,  R.  17  W., 
snudl  streaks  of  kaolin,  p<Mhaps  2  inches  wide,  were  found  in  digging 
a  well.  The  earth  taken  from  Mr.  Neusch's  well  was  examined 
shortly  after  tiie  well  was  dug.  The  little  lumps  of  kaolin  in  it  are 
of  (excellent  ([uality,  but  there  Ls  nothing  to  lead  one  to  expect  to 
lind  it  in  workable  quantities.  Afterward  lum|)s  of  this  kind  of 
kaolin  were  sent  to  the  office  of  the  State  survey  for  examination, 
with  the  report  that  there  was  an  inexhaustible  quantity  of  it,  but 
folh)wing  up  this  rumor  it  was  found  that  th(»  sample  came  from 
Mr.  Neusch's  well.  None  of  these  small  dej)osits  have  any  economic 
value.  It  is  j)ossil)le,  however,  that  kaolin  may  yet  be  found  in 
Magnet  Cove  in  ([uantities  and  of  a  character  that  will  render  it 
valuable.  This  ])ossibility  is  suggested  ])y  the  nature  of  the  rocks 
an<l  by  their  profound  decomposition. 

Bringier  speaks  of  chhia  clay  in  th<»  *^  Wichita"  cove,**  and  Doctor 
Owen  mentions  Ix'ds  of  kaolin  from  3  to  IT)  feet  in  thickness.*'  These 
reports  have  not  been  confirnuMl.  The  plac(\s  referred  to  by  Owen 
were  ^'in  wells  dug  by  (leorge  Piles  and  Mr.  Plank;"  if  the  locations 
can  be  found  it  mav  be  well  worth  while  to  verifv  the  matter. 


"Tho  geology  of  tho  Mupirt  Covr  r«»gion  is  <llscuss«"l  in  di'tail  Jiy  Dr.  .1.  Francis  Williams  in  Ann. 
Kopt.  Sun-ey  Arkansas  for  \S\H),  vol.  2. 

^'  Bringier,  L.,  Am.  Jour.  Sci.,  Isf  ser..  vol.  A,  l.vJl.  i»,  L*»i. 

<  Owen.  I).  D.,  Second  re]>ort  of  a  geological  n^'onnai.>tsanre  of  the  middle  and  southern  counties  of 
Arkansas  in  1839  and  IStiO,  p.  Ki'J. 
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CLAY  INDUSTRY. 

Clark  Pressed  Brick  Company ^  Malvern, — The  plant  of  the  Clark 
Pressed  Brick  Company  is  located  near  the  main  track  of  the  St. 
Louis,  Iron  Mountain  and  Southern  Railway,  on  the  south  side  of 
the  town  of  Malvern.  The  bricks  when  burned  are  loaded  directly 
from  the  kilns  into  cars. 

The  clay  used  for  making  the  brick  is  obtained  from  the  second- 
bottom  hummock  of  Ouachita  River,  about  tliree-fourths  of  a  mile 
from  the  kilns.  A  steam  shovel  is  used  in  the  pit  for  digging 
the  clay,  which  is  loaded  into  small  cars.  The  cars  are  drawn  to  the 
kiln  on  a  steel-railed  tramroad  by  means  of  a  small  locomotive. 

Through  the  summer  and  fall  the  common  stiff-mud  bricks  are 
made,  and  dry-pressed  brick  during  the  winter.  The  clay  is  high  in 
silica,  bums  to  a  deep  Indian  red  color,  and  makes  a  durable,  tough 
brick. 

The  bricks  are  made  in  an  end-cut  machine  and  dried  in  an  arti- 
ficial drier.  The  green  bricks  are  then  placed  in  large  250,000  up-draft 
kilns.  It  requires  seven  days  for  burning  a  kiln,  using  110  tons  of 
coal. 

The  plant  has  a  capacity  of  75,000  bricks  a  day.  Forty-eight  men 
are  employed;  two  men  in  the  pit,  one  man  to  run  locomotive,  six 
men  in  setting  dried  bricks  in  the  kilns,  and  the  remainder  in  feed- 
ing pug  mill,  carting  green  bricks  away  to  drier  and,  when  dried,  to 
the  kilns,  running  machinery,  loading  burned  bricks,  and  firing 
kilns. 

Malvern  brick  and  tUe  works. — This  plant  manufactures  white 
front,  paving,  and  fire  bricks.  The  white  plastic  clay,  which  is  doubt- 
less of  lower  Tertiary  age,  is  used.  The  bricks  are  made  in  a  stiff- 
mud  machine  and  dried  with  artificial  heat.  The  bricks  are  burned 
in  round  down-draft  kilns. 

JACKSON   COUNTY. 

The  greater  part  of  Jackson  County  lies  east  of  White  River  and 
its  principal  tributary.  Black  River.  These  two  rivers  in  this  county 
practicafiy  mark  the  eastern  border  of  the  old  Paleozoic  rocks.  The 
greater  portion  of  the  county  is  therefore  in  lowlands  of  Quaternary 
age.  Two  townships  that  lie  directly  south  of  Independence  County 
are  mostly  in  the  Paleozoic  area.  A  narrow  ridge  west  of  Depart 
Creek  in  T.  10  N.,  R.  4  W.,  contains  limestone  and  marl  bearing  a 
fauna  that  belongs  to  the  midway  stage  of  the  Tertiary.  The  Ter- 
tiary is  recognized  in  but  one  place  north  of  this,  namely  at  Newark, 
where  a  bed  of  greensand  marls  has  been  found  containing  shark's 
teeth  and  some  unrecognizable  invertebrate  fossils. 

The  surface  of  the  lowland  is  similar  to  that  of  most  of  the  cowxv- 
ties  in  the  Quaternary  of  this  section  of  t\ve  Slate,    ^eax  \)cv<fe  ^Vt%.^^KNa» 
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there  are  large  sand  ridges  of  alluvial  origin  with  a  subsoil  of  yellow 
to  buckshotty  clay.  In  places  these  alluvial  deposits  extend  4  to  6 
miles  back  from  the  stream.  Abandcmed  streams  can  likewise  be 
traced  by  old  channels,  with  alluvial  deposits  extending  for  a  greater 
or  less  distance  on  both  sides.  Some  of  these  old  channels  now  form 
lakes. 

It  appears  that  the  surface  of  the  country  was  originalty^very  nearly 
level,  with  but  slight  depressions,  sufficient  to  determine  the  loca- 
tion of  the  drainage  streams.  Repeated  overflows  carried  large 
quantities  of  alluvium,  which  was  deposited  as  sand  ridges  near  the 
streams.  The  ridges  farthest  removed  fn>in  the  streams  or  aban- 
doned channels  are  all  higher  than  the  prairie  lands.  The  soil  of  the 
prairie  lands  is  generally  a  yellowish  to  gray  clay,  in  places  contain- 
ing more  or  less  fine  sand.  The  difference  between  the  two  soils  is 
likewise  marked  by  differences  in  species  of  virgin  timber  and  differ- 
ences in  the  character  of  crops  produced.  The  alluvial  soil  is  generally 
much  more  fertile  than  the  prairie  soil. 

No  clay  products  of  any  kind  are  manufactured  in  Jackson  County. 
Brick  clays  are  available  at  Grand  (ilaise,  in  the  southwestern  part 
of  the  county.  The  loam  that  forms  the  prairie  lands  back  from 
the  streams,  especially  in  the  central  part  of  the  county,  could  be 
made  into  common  building  brick.  A  clay  subsoil  that  outcrops  in 
the  ])ank  of  White  River  at  Newport  is  suitable  for  making  a  good 
building  brick. 

JEFFERSON   C^OIJNTY. 

CLAY  DEPOSITS. 

The  greater  part  of  Jefferson  Count}'  is  covered  by  alluvial  deposits 
of  Arkansas  River  and  of  Bayou  Bartholomew.  Running  along  the 
western  edge  of  the  county,  however,  is  a  strip  of  the  Qaibome  (!) 
formation  (Eocene),  having  a  width  of  10  or  12  mUes.  In  the  river 
bottoms  brick  clays  occur  liere  and  tliere  and  in  some  of  the  slashes 
there  are  occasional  patches  of  clay  available  for  the  manufacture  of 
cheap  grades  of  pottery,  but  the  best  clays  of  the  county  are  in  the 
western  tier  of  townships.  At  a  i)la('e  called  Wliite  Bluff  these 
Tertiar}^  beds  are  well  exposed  on  Arkansas  River.  The  accom- 
I)ain'ing  section  recorded  at  that  ])lace  shows  the  relations  of  the 
clays  to  other  beds. 

Strtion  at  White  Bhijf,  on  Arkansas  Ninr. 

Feet. 

1.  Soil  and  sainl 8 

2.  Light-gmy  sandy  clay 9 

3.  Light-pink  clay  with  fotwil  heaves 8 

4.  Laminated  dark  shaly  clay 9 
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Feet. 

5.  Dark  lignitic  clay  with  two  bands  of  lignite 5-9 

6.  White  sand 4-8 

7.  Laminated  dark  shaly  clay 11 

8.  Dark-bluish  sandy  marl 22 

Of  the  clays  exposed  in  this  section  No.  3*  is  probably  the  most 
promising.  They  are  well  worth  testing  in  any  case.  The  nearness 
of  these  beds  to  water  transportation  on  Arkansas  River  gives  them 
additional  importance. 

These  beds  may  continue  across  the  country  and  at  other  places 
may  be  found  under  a  thinner  covering  than  that  overlying  them  at 
this  place. 

CLAY  INDUSTRY. 

Pine  Bluff. — Six  yards  were  formerly  engaged  in  the  manufacture 
of  soft-mud  bricks  at  Pine  Bluff.  The  bricks  were  all  made  by  hand 
and  dried  in  open  yards.  In  many  instances  the  bricks  were  insuffi- 
ciently dried  and  burned,  and  as  a  result  a  very  common  and  inferior 
product  was  made.  These  yards  have  all  sold  out,  quit  business,  or 
consolidated,  and  at  present  there  are  but  two  plants  doing  business 
in  the  city. 

Pine  Bluff  Brick  Company. — This  plant  was  incorporated  in  1892. 
Common  soft-mud  bricks  are  made.  The  bricks  are  molded  by  steam 
in  a  Hercules  Senior  machine,  and  dried  artifically  thirty-six  hours  in 
a  Standard  drier.  Six  to  seven  days  are  nccessar}^  for  burning  after 
they  are  thoroughly  dried.  They  are  burned  in  up-draft  kilns,  which 
have  a  capacity  of  375,000  to  400,000  bricks.  Wood  is  used  for 
burning,  about  three-fourths  of  a  cord  per  thousand  bricks  being  used. 
The  capacity  of  the  plant  is  40,000  bricks  a  day.  The  bricks  are 
made  from  a  sandy  surface  clay.  Size  of  green  bricks  24  by  4i  by 
9  inches;  shrinkage,  none. 

Conley  hrick  plant. — A  small  brick  plant  is  operated  by  J.  H.  Con- 
ley  at  Redfield,  in  the  northwestern  part  of  the  coimty.  The  plant 
was  established  in  1898.  The  bricks  are  made  from  the  common 
yellow  surface  clay.  They  are  dried  in  the  sun  and  burned  in  an 
up-draft  kiln  of  50,000  capacity.  The  bricks  are  sufficiently  dried 
in  two  days  to  place  in  the  kiln,  and  are  burned  in  about  seven  days. 
Hard  wood  is  used  as  fuel,  about  one-half  cord  being  used  for  burn- 
ing a  thousand  bricks.  When  thoroughly  burned  the  shrinkage  in 
a  kiln  10  feet  high  is  about  6  inches.  The  daily  capacity  of  the 
machine  is  5,000  bricks. 

O'Neal  <Sc  Rogers  plant. — A  plant  has  recently  been  established  at 
Pine  Bluff  by  Messrs.  O'Neal  &  Rogers,  but  no  particidars  concern- 
ing it  were  obtained. 


120  THK   CLAYS   OF   ARKANSAS. 

JOHNSON   COUNTY. 

GENERAL  GEOLOGY. 

The  geology  of  Johnson  County  is  similar  in  its  broader  features 
to  that  of  Pope  County  to  the  east,  of  Franklin  on  the  west,  and  of 
Logan  on  the  south.  The  rocks  are  of  the  same  geologic  age,  but  there 
are  not  the  same  strong  contrasts  between  the  difTerent  formations 
that  characterize  either  Pope  or  Logan  counties.  The  rocks  are 
chiefly  sandstones,  shales,  and  coals.  The  lowest  rocks  in  the  county 
arc  exposed  in  the  bottoms  of  the  narrow  valleys  of  the  northern 
part  of  the  county,  on  the  headwaters  of  Mulberry  River  and  of 
Little  Piney  Creek,  and  about  Fort  Douglas  on  Big  Piney  Creek. 
The  rocks  of  the  lofty  mountains  about  Melson,  Ozone,  and  Mount 
lA>vi,  although  they  are  much  higher  than  those  of  the  valleys  about 
them,  are  nevertheless  geologically  lower  than  the  coal-bearing  beds 
of  the  Arkansas  Valley  about  Clarksville  and  Coal  Hill. 

CLAY  DEPOSITS. 
CLAY  SHALES. 

The  clays  and  clay  shales  of  Johnson  County  that  are  likely  to  have 
economic  value  lie  along  the  line  of  the  Little  Kock  and  Fort  Smith 
Railway  and  along  or  near  Arkansas  River.  The  shales  of  other 
parts  of  the  county  are  just  as  good  intrinsically  as  those  near  trans- 
])()rtation,  but  owing  to  the  expense  of  getting  them  into  market 
they  are  nece^isarily  of  less  importance.  For  tliis  reason  but  little 
is  said  here  in  regard  to  the  clays  and  clay  shales  of  the  more  remote 
l)arts  of  the  county. 

The  llartshome  sandstone  bed,  which  forms  Ouita  Ridge,  in  Pope 
County,  continues  westward  into  Johnson  County,  forming  the  broad 
ridge  ea.st  and  north  of  Piney  station.  Those  same  sandstones  con- 
thuie  northward  tlu^ough  the  eastern  section  of  R.  22  W.  South  of 
Arkansas  River  this  sandstone  forms  the  great  ridge  2  miles  due 
south  of  Pine}'  station.  The  Spadra  shale,  containing  the  Ouita  coal 
bed,  forms  a  narrow  trough  south  of  Piney  station.  This  trough 
widens  abruptly  toward  the  west  and  north,  so  that  the  Spadra  shale 
underlies  all  the  countrj'  west  of  Piney  and  west  and  north  of  Knox- 
villo  for  8  miles  or  more.  These  same  shales  are  exi)osed  in  the  lower 
portions  of  the  hills  east  and  south  of  Clarksville.  along  the  valley  of 
Spadra  Creek,  west  of  the  mouth  of  that  stream  to  Spadra  and  Afon- 
tuna,  about  the  ba^e  of  Spadra  Hill,  at  llartnian,  and  along  the  base 
of  the  hill  just  north  of  Hart  man.  Throughout  this  entire  area  of 
the  Spadra  shale  clay  shales  available  for  the  juanufacture  of  paving 
bricks,  sewer  i)ipe,  and  fire-clay  goods  may  be  found,  and  at  many 
places  they  are  conveniently  exposed. 
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These  shales  are  at  some  places  hard  and  at  others  are  soft  and 
plastic.  Where  they  have  not  been  exposed  long  or  favorably  they 
are  liable  to  be  hard.  In  places  they  are  disintegrated  to  a  depth 
varying  from  1  foot  to  10  feet.  Where  these  shales  are  soft  and 
plastic  they  may  be  used  without  grinding  for  the  manufacture  of 
fire  bricks,  stove  linings,  paving  bricks,  and  sewer  pipes.  If  the 
shale  is  not  soft  and  plastic  it  can  be  used  only  after  being  ground. 

The  clays  and  clay  shales  usually  accompanying  the  coal  beds  are 
liable  to  prove  valuable  as  fire  clays. 

The  clay  underlying  the  coal  at  the  Stiewell  mine  No.  2  at  Coal 
Hill  is  hard  and  shaly  when  freshly  mined  but  readily  breaks  up  under 
the  influence  of  the  weather.  When  burned  this  clay  becomes  white. 
Its  thickness  is  imcertain,  but  it  is  said  to  range  from  12  to  18  inches. 

At  the  Allister  slope  at  Coal  Hill  the  flooring  is  said  to  be  a  hard 
black  shale,  but  no  definite  information  could  be  obtained  regarding 
its  thickness.  The  waste  material  brought  to  the  top  contains  a 
great  quantity  of  black  shale  with  plant  impressions. 

At  Payne's  mine  a  clay  from  4  to  6  inches  thick  underlies  the  coal. 
The  upper  half  inch  to  4  inches  is  a  soft,  dark  shale  and  the  lower 
1  to  2  inches  is  a  soft  yellow  clay. 

The  floor  of  the  Felker  mine  is  a  soft  shale,  sagger  clay.  It  is 
irregidar  in  thickness,  but  averages  from  4  to  5  feet.  In  some  places 
in  the  mine  this  clay  overlies  the  coal  to  a  thickness  of  from  2  to  4 
inches. 

One  mile  northwest  of  Knoxville,  on  the  Little  Rock  and  Fort 
Smith  Railway,  the  railway  grade  cuts  a  promising-looking  exposure 
of  shales. 

At  Hartman  station  the  railway  has  exposed  the  shales  in  a  cut. 

In  sec.  32,  T.  10  N.,  R.  23  W.,  in  the  bank  of  the  stream  that  runs 
south  along  the  east  side  of  the  road  near  Clarksville  College,  the 
following  section  is  exposed : 

Section  in  sec.  32,  T.  10  AT.,  R.  2S  E. 

Ft.    in. 

1.  Dark -brown  shale 2 

2.  Disintegrated  shale 1      4 

3.  Coal 1 

4.  Blue  and  snuff-colored  shales  (about) 15 

5.  Black  shales  at  the  ])ase. 
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Tlio  followinji;  is  an  analysis  of  some  of  the  clay  produced  by  the 
(lisinto«]:ration  of  Xos.  1  and  2  of  the  above  sec^tion,  obtained  from 
ditch  at  W.  J.  James's,  in  the  southeast  comer  of  the  NW.  {  SE.  \ 
sec.  32,  T.  10  N.,  R.  28  W.: 

Analysis  nf  distintaj rated  shdefrom  sec.  32, 

[Hmckptt  A  Smith.  analyHtR.] 

SiUca(Si02) 65.36 

Alumina  ( AljO,) 26. 96 

Ferric  oxide  (FeA^ ^-12 

Lime(raO) ^ 30 

Magnesia  (Mg<)) 1.16 

Potash  (KjO) 2.  69 

So<la(Na.,0) 1.03 

T/)KS  on  ignition  ^wat4»r) ^ 7.90 

100.52 
\Vatoratll()°-115*»r 3.90 

A  specimen  of  blue  clay  shale  overlying  a  2-inch  bed  of  coal  col- 
lected by  Mr.  William  Kennedy  northwest  of  Clarksville  in  the  SE.  } 
SW.  J  sec.  31,  T.  10  N.,  R.  23  W.,  has  been  analyzed  by  the  Arkansas 

Geolotjical  Sui'\''ey. 

Ancdtisis  of  disinhyratrd  shale  from  stc.  SI. 
lMriu>k«>tt  .<L'  Smith.  unalyHtM.] 

Silica  (8iO.J 61. 30 

Alumina  (\U\) 24. 69 

Ferric  oxide  {VqJ).^) 10. 67 

Lime  (CaO) 32 

Magnesia  (MgO) 63 

Potash  ( KoO) 2. 18 

So<la  CSsL-X)) 72 

T^)ss  on  ignition  (water) 9. 11 

99.52 

Wator  at.  1 10°-1 15°  (' 4. 92 

Tlu»  section  (^xposed  wliere  this  specimen  was  taken  by  Mr.  Kennedy 
is  <{iv(»u  below,  and  the  specinuMi  analyzed  was  from  No.  2  of  the 

series. 

Srrlinn  in  SI^J.  \  AM'.  \  sec.  .11,   T.  10  A'.,  R.  M  W. 

Ft.    In. 

1 .  Watcrworn  gnivcls 1 

2.  IMnc  and  ycll«»w  shales 8 

:\.  Coal 2 

1.   Hhu'  slial<'s  Willi  hmI  streaks 4 

o.   Hhu-k  shales  at  bast;  uf  section. 

Tho  al)undHnc(»  of  chiys  and  chiy  shales  in  Johnson  County  and 
tli(Mr  proximity  to  j^ood  coal  and  to  transportation  both  by  railway 
and  by  water  insure  facilities  for  the  extensive  manufacture  of 
pavinjj:  hricks,  sewer  pipes,  and  fire-clay  j)roducts. 
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BRICK    CLAYS.  ^ 

So  far- as  the  Clarksville  brick  eartlis  are  concerned,  there  is  but 
one  bed  that  requires  attention.  Bricks  were  formerly  made  by 
W.  P.  Farrish  in  his  yard  north  of  the  town,  in  the  northeast  comer  of 
the  SW.  }  NW.  }  sec.  32,  T.  10  N.,  R.  23  W.  These  appear  to  be 
good  sound  bricks  of  a  rather  dark-gray  color,  very  similar  in  appear- 
ance to  the  bricks  made  at  Beebe  and  elsewhere  along  the  Iron 
Mountain  Railway.  They  hold  their  color  well,  for  bricks  used  in 
buildings  erected  in  Clarksville  as  long  ago  as  1878  still  have  a  good 
color.  The  material  from  which  these  bricks  were  made  is  not  very 
plentiful  nor  of  a  great  extent,  being  confined  principally  to  the  flat 
tops  of  a  few  ridges.  It  is  underlain  by  a  lighter-colored  earth  con- 
taining great  quantities  of  iron  in  the  form  of  nodules  ranging  in  size 
from  that  of  a  pea  down  to  that  of  bird  shot.  This  underlying 
material,  although  of  excellent  quality  for  making  hard,  blue  bricks, 
can  not  be  worked  by  hand  in  the  same  way  as  the  upper  clays.  The 
iron  nodules  are  so  small  that  the  ordinaiy  mill  or  wheel  will  not 
crush  them.  They  slip  through  the  tempering  untouched,  and, 
although  not  very  hard,  have  a  tendency  to  tear  the  hands  of  the 
molder.  Before  this  clay  can  be  utilized  it  must  be  tempered  by 
being  passed  through  rollei*s  set  sufficiently  close  to  crush  the  nodules 
completely.  The  clay  must  afterward  be  thoroughly  mixed  so  as  to 
disseminate  the  crushed  iron  throughout  the  mass,  and  thus  to 
bring  the  whole  to  a  uniform  consistency  and  color.  The  bricks  can 
then  be  formed  either  by  hand  molding  or  by  machine.  This  clay, 
however,  could  be  worked  better  by  machhie  than  by  hand,  and  if 
such  a  tempering  machine  as  the  one  here  suggested  were  used  an 
extensive  area  covered  by  this  ^'buckshot"  clay  close  to  Clarksville 
station  could  be  utilized  for  brickmaking. 

No  bricks  have  been  made  at  Coal  Hill  and  very  few  are  used  for 
any  purpose,  building  stone  being  generally  employed  for  chimneys 
or  other  mason  work. 

In  the  vicinity  of  Coal  Hill  an  area  comprising  the  NE.  i  S.  I  sec.  20, 
the  greater  portion  of  sec.  21,  the  SE.  }  and  part  of  the  SW.  J  sec.  19, 
and  parts  of  sees.  28,  29,  and  30,  T.  9  N.,  R.  25  W.,  are  covered  by  a 
light  brownish-yellow  clay  averaghig  about  2  feet  in  thickness.  This 
clay  contains  nodules  of  iron,  some  of  which  are  soft  enough  to  be 
crushed  between  the  fingers,  and  also  a  quantity  of  snuill  sandstone 
pebbles.  This  clay  rests  upon  soft,  friable  argillaceous  shales  having 
a  light-gray,  almost  white  color,  streaked  with  black  and  red.  The 
lowest  shales  exposed  are  black  and  friable. 

Overlying  the  light  brownish-yellow  clay  there  are  in  places  patches 
or  rolls  of  a  brown  sandy  loam  suitable   for  molding  sand.     These 


sMoHt  of  llu'  notes  oil  th«'  l»rick  clays  of  .IdIuisoii  County  an-  by  Williain  Krnnody. 
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patches,  however,  are  not  very  thick  nor  of  great  extent.     Their 
longer  axes  generally  have  a  north-south  direction. 

The  following  section  shows  the  relation  of  the  clays  and  shales  of 
low  grounds  about  Coal  Hill: 

Strtinn  near  Coal  IIUL 

F«wt. 

Brf)wn  sandy  loam 1 

Brownish-yellow  clay  with  iron  ni^luleH  and  Hmall  Randstono  pebhlefl .  2 

Shales  with  inm-staincMl  Htn»ukH 4 

Black  shales  at  Imse. 

No  establishments  engaged  in  the  manufacture  of  clay  products  in 
Johnson  County  are  at  present  reported. 

LAFAYETTK  C  OUNTY. 

Lafayette  County  lies  almost  wholly  in  the  alluvial  plain  of  Red 
Riv(»r.  The  geology  of  these  alluvial  lands  is  as  a  rule  less  interesting 
than  that  of  the  higher  country  east  and  west.  There  is,  however,  a 
strip  6  or  8  miles  wide  running  along  the  extreme  eastern  border  of 
the  county  that  has  the  same  geology  as  Columbia  and  southern 
Hempstead  counties,  and  in  this  region  the  Tertiary  clays  are  likely 
to  be  found.  In  the  vicinity  of  New  Lewisville  the  cuts  along  the 
railroad  expose  no  clay  beds  that  appear  to  be  of  importance.  Near 
Bradley  station  a  well  put  down  on  the  land  of  II.  Smith,  in  the  NW.  J 
sec.  13,  T.  19  S.,  R.  25  W.,  has  the  following  re<5ord: 

Sfction  nmr  BratUnj  station. 

Feet. 

Soil  and  sand 18 

Red  (lay 9 

Sand 10 

About  Walnut  Hills  arc  massive  beds  of  red  sand,  but  no  clay  beds 
were  observed  except  bright-red  ones.  In  the  lowlands  along  Red 
River  many  local  pockets  of  leached  pottery  clays  and  extensive  beds 
of  good  brick  clays  may  be  found. 

There  are  no  industries  of  any  kind  in  the  county  engaged  in  the 
manufacture  of  clay  products. 

Li^VWRENCK  (BOUNTY. 

GENERAL  GEOLOGY. 

Black  River  marks  the  boundary  between  the  Paleozoic  and 
Quatornary  deposits  of  Ijawrence  County.  The  Quaternary  area  is 
a  level  plain  having  a  maximum  eU^vation  of  about  2(S0  feet  and  a 
minhnum  of  about  250  feet. 

The  streams  all  flow  southwestward,  roughly  parallel  to  Black 
River,  and  narrow  clay  flats  lie  between  the  streams  and  the  river. 
The  soil  adjacent  to  the  streams  is  of  alluvial  origin,  covering  areas 
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from  1  to  3  miles  wide  on  both  sides  of  the  streams.  The  interstream 
area  is  a  yellow  hardpan  or  clay.  In  the  lower  lands  the  clay  has 
become  leached,  leaving  the  surface  material  a  lifeless  buckshotty  clay 
land  known  as  ''glades.''  The  soil  is  very  poor  and  but  little  of  it'is 
under  cultivation.  Water  stands  on  some  parts  of  this  land  for 
several  months  of  the  year.  The  character  of  the  strata  found  at 
Walnut  Ridge  is  shown  in  the  following  well  record  at  that  place: 

Well  record  at  Walnut  Ridge. 

Feet. 

Yellow  to  white  clay 16 

Fine  sand 4 

Hardpan  similar  to  surface  stratum 6 

Fine  black  sand 5 

Red  sand,  coarse 5 

Coarse  sand  and  gravel  down  to  65  to  70  feet. 

The  white  clay  land  extends  eastward  from  Walnut  Ridge  to  Sedg- 
wick, on  Cache  River.  The  country  to  a  line  within  3  or  4  miles  of 
Cache  River,  is  marked  by  a  rolling  smrface,  with  an  occasional 
abandoned  water  channel. 

The  following  is  the  general  record  of  the  strata  in  wells  at  Sedgwick: 

(reneral  section  of  welU  in  Sedgwick. 

Feet. 

Soil  and  clay 3-6 

Hardpan 3-  5 

Black  sand,  water  bearing 2&-50 

Hardpan  or  clay 2-  3 

White  sand,  water  bearing,  to  65  feet. 

Just  east  of  Sedgwick  there  is  an  area  of  lowland  depressed  6  to  10 
feet  below  the  general  level,  marking  the  present  limits  of  Cache 
River  bottom,  which  is  about  1  mile  wide. 

West  of  Walnut  Ridge  the  country  is  mostly  sandy,  except  the 
clay  ridge  on  which  Portia  is  situated,  but  over  all  the  sandy  region 
the  older  clay  loam  appears  at  the  surface  in  places  and  forms  the 
subsoil  beneath  the  alluvial  sand. 

The  following  is  a  section  of  the  strata  in  the  east  bank  of  Black 
River,  at  Cloverbend,  about  9  miles  south  of  Powhatan: 

Section  in  bank  of  Black  River  at  Cloverbend. 

White  buckshot  clay,  very  hard  when  dry 3 

Reddish  tinted  clay,  very  hard  when  dry,  becoming  sandy  at  base.  3 

Reddish  stratified  sand,  rather  fine 3 

Light-colored  gray  sand,  stratified ;  coarser  than  the  above 3 

The  sand  is  said  to  extend  down  to  a  depth  of  at  least  50  feet  below 
the  surface. 

The  country  west  of  Black  River  rises  200  feet  or  more  above  the 
bottom  lands  east  of  the  river.     The  rocks  beloiv^  \;0  C/^YcJ«tQ-^^<^v>- 
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viciaii  series,  and  are  composed  of  lieavy-l)edded,  dark-colorecl  lime- 
stone and  of  sandstone  which  is  doubtless  the  equivalent  of  the  Si. 
Peter  sandstone  in  southwest  Wisconsin  and  Missouri. 

CLAY  INDUSTRY. 

In  Lawrence  County  there  is  but  one  phmt  in  the  Quaternary  area 
that  is  engaged  in  the  manufacture  of  clay  products.  This  is  Moore 
&  Co.V  brick  plant  at  Walnut  llidge,  where  common  soft-mud  bricks 
arc  made. 

The  surface  white  clay,  to  a  depth  of  6  feet,  is  used  for  making  the 
bri<ks.  The  clay  is  tempered  and  molded  in  a  Monarch  pug  mill, 
dried  in  covered  racks,  and  burned  in  up-draft  kilns.  It  requin^s 
three  to  four  days  for  drying  and  ten  to  twelve  days  for  burning.  A 
h^rht  fire  is  kept  under  the  bricks  for  five  to  six  days,  and  a  hot  fire 
for  jihout  the  same  length  of  time.  Wood  is  used  exclusively  for 
fuel.  The  bricks  are  dried  and  burned  without  checking.  Wheel- 
}>urrows  are  used  to  convey  the  green  bricks  from  the  molds  to  the 
racks  and  the  dried  })ricks  from  the  racks  to  the  kilns  The  bricks 
have  a  shrinkage  of  about  one-eighth  of  their  volume.  The  output  of 
tlu*  j)lant  is  about  l,50l),()00  bricks  j)er  annum.  The  market  for  the 
bricks  is  Walnut  llidge  and  the  surrounding  towns. 

There  are  two  common  mud-brick  plants  in  the  hard-rock  district, 
one  at  Black  Rock  and  the  other  at  Imboden.  The  clay  used  at 
Black  Kock  is  the  yellow  or  reddish  clay,  doubtless  of  the  same  age 
as  the  yellow  loam  that  occurs  on  top  of  Orowleys  Kidge.  The  plant 
at  Imboden  uses  the  residual  clay  of  the  older  rocks. 

LEE  (  OUNTY. 

GENERAL  GEOLOGY. 

Lee  (>)imty  is  crossed  near  its  center  by  Crowleys  Ridge,  which 
extends  in  a  north-south  direction.  In  the  northern  part  of  the 
COT  I  lit  y  L'^Vnguille  River  has  cut  through  (-rowleys  Ridge  and  joins 
vSt.  Francis  River  about  6  miles  southeast  of  Marianna.  North  of 
this  L^Vnguille  River  flows  in  the  flat  lands  (m  the  west  side  of  the 
rid^^e  and  |)arallel  to  it.  The  eastern  portion  of*  the  county  is  low 
bottom  land,  lar<^ely  built  up  of  dej)osits  of  St.  Francis  and  Missis- 
si]  )|)i  rivers. 

T\\r  ty])ical  calcareous  loess  forms  the  top  and  sides  of  Crowleys 
ivid^^c  ill  Lee  County.  On  the  lower  slopes  on  the  west  side  of  the 
ri(l;i('  there  is  a  kind  of  terrace  or  second  bottom  which  is  several  feet 
higher  than  the  flat,  wet  lands  farther  west.  This  terrace  is  very 
n^^nilar  in  (elevation  and  extemls  entin^ly  al()n<x  the  foot  of  the  ridge 
cxcc]>t  when*  it  has  been  cut  away  by  stns-uns.  The  soil  of  tliis  sec- 
orui  bottom  or  bench  is  a  light  brown  or  yellow  loam,  the  reworked 
product  of  the  loess,  and  is  well  adapted  to  the  manufacture  of  bricks. 
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The  country  between  Mariannd  and  the  Lonoke  County  line  is  a 
rolling  plain  cut  into  north-south  ridges,  with  low,  wooded  depres- 
sions. The  surface  of  many  of  these  low  ridges  is  a  clay  loam  similar 
to  the  surface  material  on  the  terrace  adjacent  to  Crowleys  Ridge. 

CLAY  DEPOSITS. 

Only  one  analysis  has  been  made  of  the  surface  clays  of  Lee  County, 
the  sample  being  a  reworked  product  of  loess  found  at. the  foot  of 
Crowleys  Ridge  at  Marianna.  The  bricks  made  from  this  clay  are 
of  a  deep-fed  color,  and  form  a  good,  strong  building  brick. 

Analysis  of  reworked  loess  soil  from  near  Marianna,  in  sec.  i^4,  T.  2  N.,  R.  S  E. 
[Dried  at  110O-115°  C.     R.  N.  Brackott,  analyst.] 

Silica  (SiOa) - 75.46 

Alumina  (AljOg) 10. 29 

Ferric  oxide  (FejOg) 7. 07 

Liine(CaO) 1.00 

Magnesia  (MgO) 1 .  36 

Potash  (KjO) 74 

Soda(Na,0) 82 

Phosphoric  acid  (P2O5) 30 

Loss  on  ignition : 3. 18 

100. 22 
Air-dried  sand 72. 40 

This  material  is  of  chocolate-brown  color  and  fills  the  bottoms  and 
ravines  of  the  region  east  of  Marianna.  It  seems  to  be  a  rearranged 
and  highly  ferruginous  variety  of  loess,  agreeing  with  ordinary  loess 
in  all  other  particulars. 

CLAY  INDUSTRY. 

A  plant  for  the  manufacture  of  conuuon  building  brick  was  estab- 
lished in  Marianna  about  1890.  It  is  at  present  nm  by  O.  C.  Sutton 
&  Co.  The  bricks  are  made  from  the  red  surface  clay.  The  clay  is 
tempered  and  molded  in  a  steam  machine  having  a  capacity  of  25,000 
to  30,000  bricks  a  day.  The  bricks  are  dried  by  the  rack  and  pallet 
system,  in  covered  sheds.  It  requires  about  seven  days  to  dry  the 
bricks  sufficiently  for  setting  in  the  kilns.  Wood  is  the  fuel  and  the 
bricks  are  burned  about  nine  days.  Three  up-draft  clamp  kilns  are 
used.  About  half  a  cord  of  wood  is  consumed  in  burning  a  thousand 
bricks.    The  size  of  the  bricks  is  8}  by  4J  by  2J. 
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I^OGAN   rOUNTY. 
GENERAL  GEOLOGY. 

The  rocks  of  the  northern  half  of  Logan  County  belong  to  the 
uppcT  coal-producing  part  of  the  Carboniferous,  while  those  of  the 
southern  half  of  the  county,  except  the  top  of  Magazine  Mountain, 
Ho  below  the  coal.  The  general  geology  of  the  county  is  like  that 
of  Sebastian,  Franklin,  Johnson,  and  Pope  counties,  and  the  clays 
and  clay  shales  are  very  similar  to  if  not  identical  with  those  of  the 
counties  named. 

CLAY  DEPOSITS. 
CLASSES    OF    CLAYS. 

For  convenience  of  presentation  the  clays  of  the  county  may  be 
classified  as  follows: 

1.  (Carboniferous  clays  and  clay  shales  associated  with  the  coal 
and  interbedded  with  the  hard  rocks. 

2.  Buckshot  clays  or  brick  loams,  found  in  the  uplands. 

3.  Terrace  or  second-bottom  days,  found  along  Arkansas  River. 

4.  River-bottom  clays  of   the  flood  })lains  of  the  large  streams. 
Thcvse  will  be  taken  up  in  the  order  in  which  they  are  enumerated. 

CAHBONIFEKOUS  CLAYS  AND  SHALES. 

Many  of  the  clays  associated  with  the  coal  beds  of  Logan  County 
are  fire  clays.  Some  of  these  beds  are  only  a  few  inches  thick  and 
of  limited  areal  distribution,  but  it  is  to  be  expected  that  many  fire- 
clay beds  of  workable  thickness  will  be  foimd  associated  with  the 
coal.  Such  clays  underlie  the  coal  in  the  NE.  \  NE.  J  sec.  10, 
T.  7  N.,  11.  26  W.,  at  the  coal  opening  of  II.  M.  Nichols.  This  clay 
is  soft,  dark  blue,  streaked  with  yellow,  and  only  from  6  to  8  inches 
thick.  The  miners  report  that  it  is  not  a  constant  bed.  At  Wall's 
slope,  in  the  XE.  }  XW.  i  sec.  15,  T.  7  N.,  R.  26  W.,  a  similar  clay 
lies  beneath  the  coal  bed,  but  the  mine  being  full  of  water,  its  thick- 
ness was  not  determined. 

On  the  north  side  of  the  XW.  }  XK.  }  sec.  34,  T.  8  N.,  R.  26  W., 
two  beds  of  clay  are  exposed  in  the  channel  of  a  small  stream.  The 
upl^er  bed  is  a  dark-brown  chiy  about  3  feet  thick;  the  lower  bed 
is  of  a  lighter  yellowish  color.  Only  about  a  foot  of  the  lower  bed 
is  exposed,  but  it  is  probably  not  less  than  7  or  S  feet  thick.  The 
low(»r  bed  is  said  to  have  been  used  as  a  iire  clay.  A  sample  of  this 
lower  bed  ha^  been  analvzed: 
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Analyst*  of  chit/ /mm  sec.  34,  T.  i^  A'.,  A*.  .*'>'  11". 

[li racket t  S:  Smith,  amilysts.] 

Silica  (SiOa) SS.  (W 

Alumina  (ALjO,) 5. 73 

Ferric  oxide  (FejO,^ 2. 55 

Lime  (CaO) Trace. 

Magnesia  (MgO) Tract\ 

Potash  and  soda  (KoO,  NajO) 81 

LofiB  on  ignition 2.  25 

100.00 

Water  at  110*»-115*»  C 1. 33 

Sand  in  clay  dried  at  110**-115*>C 17.  IH 

Clays  of  this  class  are  widely  distributed  over  Ijoj^can  County,  and 
these  examples  do  not  fairly  represent  them  either  in  thickness  or 
importance.  The  Carboniferous  clay  shales  are  so  abundant,  so 
thick,  and  so  widespread  in  Logan  County  that  only  a  few  tyj)ical 
areas  will  be  mentioned. 

In  the  southwest  comer  of  the  county  the  line  between  Logan 
and  Scott  coimties  crosses  Jennings  Hill.  The  alternate  series  of 
sandstones  and  shales  forming  this  hill  is  described  under  the  head- 
ing ''Scott  County."  The  same  beds  extend  from  Jennings  Hill 
toward  Booneville,  a  distance  of  5  miles.  The  most  important 
shale  of  this  group  imderlies  the  town  of  Belva,  in  Scott  County, 
but  it  crosses  into  Logan  County  in  the  NW.  }  sec.  30,  T.  5  N., 
R.  28  W.,  nms  northeastward  for  5  miles,  and  swings  westward 
along  the  valley  of  Petit  Jean  Creek.  This  shale  is  200  to  400  feet 
thick  at  Belva.  Below  this  shale  are  two  l)e(ls  of  sandstone  and 
a  thinner  bed  of  shale,  followed  below  by  a  thicker  bed  of  shale. 

A  thick  deposit  of  shale  near  the  top  of  the  Atoka  formation 
covers  a  large  area  in  Logan  (-ounty  and  extends  also  into  the  adja- 
cent coimties  both  east  and  west.  It  ranges  in  thickness  from  400 
to  nearly  or  quite  2,000  feet.  It  is  generally  of  dark  color,  and 
although  it  is  usually  a  cla}^  shale  it  is  at  some  j)laces  sandy.  Start- 
ing in  the  southwest  corner  of  the  county  near  Golden  City,  this 
shale  and  its  accompanying  beds  of  coal  form  the  surface  rock  along 
the  upper  parts  of  the  valley  of  Brashy  liranch  and  extend  down 
Fletcher  Creek  toward  the  town  of  Booneville,  and  thence  down 
the  valley  of  Petit  Jean  (Veek  to  Magazine.  West  of  Booneville 
the  same  shale  runs  through  the  northern  tier  of  sections  in  T.  5  X., 
R.  28  W.,  to  Barber  post-odice.  East  of  the  town  of  Magazine 
the  outcrop  of  this  shale  divides,  one  arm  of  it  passing  south  of 
Magazine  Mountain  and  underlying  the  northern  part  of  the  north- 
ern tier  of  sections  across  T.  5  X.,  K.  25  W.,  and  tlu^  southern  tier 
of  the  township  just  north  of  it.  The  same  shale  lies  along  the 
48130— Hull.  :5r»i— OS u 
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south  base  of  the  ran^e  of  mountains  connecting::  Magazine  Moun- 
tiiin  with  Mount  Nebo  in  Yell  County.  Northeast  of  the  town  of 
Ma<i:azine  these  shale  beds  run  northeastward  for  about  7  miles 
and  then  bend  abruptly  westward  to  the  gap  between  Brushy  Moun- 
tain and  Calico  Mountain.  From  this  point  they  extend  both  east 
and  west,  with  narrower  outcrops.  The  outcrop  to  the  east  extends 
around  the  north  base  of  Magazine  Mountain  and  then  around  the 
base  of  Huckleberry  Mountain,  Three  Knob  Mountain,  Spring 
Mountain,  and  Mount  Nebo.  Where  the  shale  beds  run  around 
the  north  sides  of  the  bases  of  these  mountains  they  are  either 
nearly  horizontal  or  have  a  gentle  southward  dip  and  pass  beneath 
the  mountains,  to  appear  again  to  the  south  of  them.  North  of 
the  mountains  the  rocks  are  folded,  passing  over  an  anticline  and 
then  dipping  northward.  The  shale  therefore  appears  again  north 
of  the  anticlinal  fold  across  the  entire  east-west  length  of  Logan 
(V)unty. 

Starting  in  Yell  County  northeast  of  Mount  Nebo  the  same  shale 
imderlies  Dardanelle  Ridge  and  extends  along  the  south  side  of  its 
western  continuation  in  Pine  Ridge  as  far  as  Wildcat  Mountain, 
around  which  it  passes,  and  runs  along  the  north  side  of  Brushy 
Mountain  until  it  joins  the  outcrop  in  the  gap  east  of  Brushy  Moun- 
tain. Another  area  of  this  shale  lies  between  the  village  of  Prairie 
View  and  Shoal  Creek  Ridge,  in  T.  8  N.,  R.  24  W.  It  is  only  about 
5  miles  long  and  less  than  2  miles  wide.  The  length  of  the  outcrop 
of  this  great  body  of  shale  in  Logan  County  thus  aggregates  fully 
150  miles. 

In  Logan  County  there  is  a  shale  associated  with  the  coal  found 
near  Blaine  })ost-()flice  and  the  village  of  Shoal  C-reek  and  extending 
thence  eastward  in  Yell  County.  This  same  shale  horizon  nms  along 
the  south  side  of  Snake  Ridge  in  T.  8  N.,  R.  24  W. 

The  shales  in  the  rolling  country  at  Paris  and  farther  west,  to 
th(^  county  Hne  as  well  as  farther  east,  about  Spielersville  and  Ells- 
worth, and  farther  north,  to  Roseville,  belong  to  an  overljdng  series 
of  rocks  associated  with  the  upper  coal  beds.  On  the  south  side 
of  Short  Mountain  these  shales  and  the  coal  dip  northward  and 
|)iiss  completely  beneath  that  mountain,  rising  to  the  surface  again 
on  the  north  side.  On  the  sides  of  Short  Moimtain  thick  beds  of 
shjdcs  are  exposed.  The  geology  of  Little  Short  Mountain  is  the 
same  as  that  of  Short  Mountain.  The  rocks  pass  beneath  it,  so 
that  these  two  mountains  stand  in  synclinal  folds,  whose  beds  are 
largely  composed  of  clay  shales. 

It  is  evident  that  the  Carboniferous  clay  shales  cover  an  enor- 
mous area  in  Logan  County.  Unfortunately,  no  practical  tests 
have  been  made  of  these  shales,  but  in  so  far  as  the  appearance 
of  the  materials  can  be  depended  upon  they  are  almost  everywhere 
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available  for  the  manufacture  of  paving  brick,  sewer  pipe,  and 
common  earthenware,  while  many  of  them  are  true  fire  clays.  With 
the  exception  already  mentioned  (pp.  128-129)  no  chemical  analyses 
have  been  made  of  these  clays.  The  analysis  made,  however,  bears 
out  the  theory  that  the  clays  are  workable,  although  they  are  not 
now  utilized. 

BUCKSHOT   OR   PRAIRIE    CLAYS. 

The  clays  found  in  the  prairies  are  chiefly  the  altered  edges  of  the 
shale  outcrops.  These  clays  have  been  used  for  the  manufacture  of 
building  bricks,  but  the  small  iron  nodules  scattered  through  them 
cause  the  bricks  to  bum  dark  brown  or  spotted.  The  bricks  are 
almost  invariably  strong  and  exceedingly  durable,  but  they  have 
not  an  attractive  color. 

In  the  neighborhood  of  Paris  the  clays  are  principally  prairie 
soils,  disintegrated  blue  shales,  and  the  shales  and  clays  associated 
with  coal  beds.  Probably  the  most  extensive  of  the  prairie  clay 
deposits  is  that  of  Hegwood  Prairie.  In  the  E.  i  SE.  \  sec.  1,  T.  7 
N.,  R.  26  W.,  this  prairie  soil  is  yellow,  contains  a  considerable  quan- 
tity of  iron  nodules,  and  has  an  average  depth  of  2i  feet.  In  the 
NW.  i  SE.  i  sec.  1,  T.  7  N.,  R.  26  W.,  a  well  21  feet  deep  passes 
through  yellow  prairie  soil  3  feet  thick,  which  rests  immediately 
on  blue  argillaceous  shales  of  the  coal-bearing  rocks.  In  the  NE.  J 
sec.  11  and  NW.  }  sec.  12  of  the  same  township  and  range  the  yellow 
soil  is  somewhat  deeper,  but  its  general  characteristics  are  the  same. 
In  the  SW.  i  SW.  }  sec.  6  and  the  NW.  \  NW.  }  sec.  7,  T.  7  N.,  R.  25  W., 
brick  earths  of  the  same  yellow  color  are  found,  having  an  average 
depth  of  3  feet.  On  the  road  along  the  south  base  of  Short  Moun- 
tain and  in  the  SW.  \  sec.  3,  T.  7  N.,  R.  26  W.,  the  blue  shales 
appear  in  several  places  in  a  ditch  on  the  south  side  of  the  road. 
These  shales  are  4  feet  thick  and  are  completely  disintegrated  where 
exposed.  Similar  clays  occur  in  the  valley  about  Booneville,  in  the 
upper  bottoms  of  Sugar  Creek,  Petit  Jean  Creek,  Revilee  Creek, 
Shoal  Creek,  and  other  streams.  None  of  these  are  utilized  in  Logan 
County. 

TERRACE    CLAYS   ALONG   ARKANSAS    RIVER. 

Clays  similar  to  those  found  in  the  river  terraces  near  Arkansas 
River  at  Fort  Smith  and  at  Argenta  occur  along  the  south  side  of 
Arkansas  River  in  Logan  County.  These  clays  are  generally  sandy 
and  of  a  reddish  color,  but  wherever  they  have  been  tried  they  have 
been  found  available  for  the  manufacture  of  fairly  good  building 
bricks.  From  Roseville  a  band  of  this  red  sandy  clay  forming  a 
terrace  or  second  bottom  winds  about  the  foothills  south  of  the  river 
bottoms.     This  terrace  is  crossed  by  the  Roseville-Paris  road  \ust 
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south  of  Short  Mountain  Creek.     The  clay  of  this  terrace  is  similar 
to  that  at  Argenta. 

Chocolate-colored  plastic  clays  are  associated  with  these  terrace 
clays.     Thus  far  no  use  has  been  found  for  these  chocolate  clays. 

RIVER-BOTTOM    CIJIY8. 

The  clays  of  the  Arkansas  River  bottoms  are  pockety  and  of 
uncertain  cUstribution.  They  are  not  likely  to  be  of  economic 
importance,  though  some  of  the  lenticular  masses  may  occasionally 
contain  pottery  clays. 

LONOKE  COUNTY. 

GENERAL  GEOLOGY. 

Most  of  Lonoke  County  lies  within  the  Quaternary  area  of  the 
State.  The  country  is  so  flat  and  unbroken  that  there  are  almost 
no  natural  exposures  of  the  rocks  east  of  the  St.  Louis,  Iron  Moun- 
tain and  Southern  Railway.  The  extreme  northwest  comer  of  the 
county  is  in  the  lower  Carboniferous  (Mississippian).  This  includes, 
however,  only  the  part  of  the  county  lying  west  of  the  St.  Louis, 
Iron  Mountain  and  Southern  Railway,  an  area  of  only  55  square 
miles.  The  geology  in  this  Paleozoic  comer  is  an  eastward  con- 
tinuation of  that  of  Faulkner  County.  The  same  beds  that  outcrop 
in  the  southeast  comer  of  Faulkner  County  pass  through  the  Paleozoic 
part  of  Lonoke  County  to  a  point  where  they  are  overlapped  by  the 
Coastal  Plain  beds  near  the  present  location  of  the  St.  Louis,  Iron 
Mountain  and  Southern  Railway.  The  rocks  of  the  lower  Carbon- 
iferous here  consist  of  alternate  beds  of  sandstone  and  shales,  all  of 
them  folded.  The  ridges  through  this  region  are  usuaUy  of  sand- 
stone and  run  almost  due  east  and  west.  The  shales  are  parallel 
with  the  sandstones  and  occupy  nearly  all  of  the  valleys,  and  in 
many  instances  they  also  form  the  lower  slopes  of  the  ridges. 

The  Bayou  Meto  antichne,  starting  between  Preston  and  May- 
ilower,  in  Faulkner.  County,  runs  due  east  toward  the  town  of 
Austin,  Lonoke  County,  passing  through  the  northern  tier  of  sec- 
tions of  T.  4  N.,  R.  10  W.  North  of  this  anticline  as  far  as  Cypress 
Bayou  the  rocks  all  dip  northward,  and  south  of  it  they  all  dip  south- 
ward as  far  as  the  Cato  syncline,  which  pjisses  through  sec.  30,  T.  4 
N.,  R.  10  W.  These  dips  of  the  rocks  should  be  borne  in  inind  in 
any  attempt  to  utilize  the  clay  shales  of  this  area. 

CLAY  DEPOSITS. 

The  clay  shales,  like  those  of  other  parts  of  the  State,  vary  con- 
siderably in  character.  Some  of  them  are  so  sandy  that  it  is  diflScult 
to  determine  whether  they  should  be  considered  clayey  sandstones 
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or  sandy  shales;  others  contain  but  little  sand,  and  are  suflBciently 
refractory  to  be  regarded  as  fire  clays.  The  shales  are  in  places 
decomposed  along  their  outcrops,  but  for  the  most  part  they  are  too 
hard  to  be  pugged  as  they  come  from  the  ground.  Analysis  of  some 
of  these  shales  shows  them  to  be  suitable  for  the  manufacture  of 
paving  brick,  sewer  pipe,  fire  bricks,  or  other  refractory  goods,  but 
they  will  require  to  be  pulverized. 

The  character  and  thickness  of  these  shales,  their  proximity  to 
the  railroad,  and  the  topography  of  the  region  are  all  favorable  to 
the  development  of  important  clay  industries  in  this  section  of 
Lonoke  County. 

In  addition  to  the  shales  there  are  widespread  beds  of  loam  over 
the  slashes  or  bottoms  of  Cypress  Bayou,  Magness  Creek,  and  Wat- 
tensas  Bayou.  The  loams  are  well  adapted  to  the  manufacture  of 
conmion  building  bricks.  In  places  they  contain  some  buckshot 
clays,  and  are  therefore  not  suitable  for  making  high-grade  finishing 
bricks.  The  bands  of  buckshot  or  iron  nodules  occur  here  and  there 
at  a  depth  of  from  1  to  4  feet  from  the  surface. 

The  wells  at  Austin  and  Cabot  penetrate  fossiUferous  Cretaceous 
sediments,  which  outcrop  in  a  few  places  west  of  these  towns. 

What  has  been  said  of  the  Beebe,  Kensett,  and  West  Point  clays 
of  White  County  is  generally  appUcable  to  the  clays  along  the  rail- 
road at  and  near  Holland,  Cabot,  Austin,  and  Ward. 

Two  wells  near  Cabot  show  the  presence  of  the  light-colored  clay. 

At  Neeley  &  Neeley's  gin  house  in  the  village  of  Cabot  a  well  116 
feet  deep  has  the  following  section : 

Section  in  well  at  Neeley  d:  Neeley \s  yin  hoiise,  Cabot. 

Feet. 

Red  and  sandy  clays 39 

Calcareous  clay  (Cretaceous) 1 

Marl  (Cretaceous) 6 

Carboniferous  shale  to  the  bottom  of  the  well 70 

116 
A  well  near  the  center  of  the  NE.  }  SW.  J  sexi.  25,  T.  4  X.,  R.  10  W., 
passes  through  the  following  beds: 

Section  in  well  in  sec.  2.5,  T.  4  N,  R.  10  W. 

Feet. 

Soil 2 

Red  clay 10 

Sandy  clay IG 

Calcareous  clay  (Cretaceous ) 1 

Marl  (Cretaceous) 8 

Carboniferous  shale  at  bottom.  

37 

The  clay  here  marked  ^^  red  clay  ''is  mottled  red  and  gray,  resembling 
very  closely  that  underlpng  the  low  Quaternary  country  at  different 
places. 
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The  average  well  section  at  Lonoke,  as  reported  by  J.  C.  England, 
is  as  follows,  the  sec^.tion  l)oing  that  of  an  ojwn  well: 

Airnujc  scct'utn  in  tirUif  at  Lowfkf. 

Ktvt. 

Red  clay 1 5-  6 

\Vhit(j  clay  grading  into  sand 5-  6 

HliiiHh,  mucky,  sticky  clay. 

Quicksand,  all  th«*  way  from 30-45 

Tough  clay. 

Wells  that  reach  to  a  depth  of  70  to  80  feet  get  into  gravel.  A 
specimen  of  this  gravel  was  brought  to  the  office  of  the  Arkansas 
vSurvcy.  It  is  composed  mainly  or  entirely  of  waterwom  chert  peb- 
bles, about  the  size  of  a  hazelnut,  and  coarse  quartz  sand. 

The  average  depth  of  bored  wells  at  Lonoke  is  70  to  85  feet.  The 
deepest  well  reported  is  at  J.  C.  England's  place  and  is  107  feet  deep. 

CLAY  INDUSTRY. 

Oliaplin  cfc  England's  hrickyard, — In  the  NE.  \  SW.  J  sec.  19,  T.  2 
N.,  K.  8  W.,  bricks  were  once  made  at  the  yard  of  J.  P.  Chaplin  and 
E.  W.  England  from  a  mixture  of  about  IS  inches  of  the  top  yellowish 
prairie  soil  and  about  the  same  thickness  of  a  brown  iron-stained 
earth  underlying  the  prairie  soil.  The  bricks  are  hard  and  showed  a 
tendency  to  melt  when  raised  to  a  high  temperature  in  the  kiln. 
Those  that  were  burned  hard  have  a  brown  color  and  are  very  much 
spotted  with  dark,  almost  black  marks.  In  bricks  burned  near  the 
c(4it(T  of  the  kiln  the  color  is  a  dark  cherry  red,  the  spotting  is  not  so 
prominent,  and  in  many  of  the  ])ricks  th(^  spotting  is  not  visible  at  all. 
Th(a(»  was  not  much  loss  on  account  of  breaking  in  the  burning.  The 
bricks  were  machine  made. 

Harrison  Brick  Omipany. — This  is  the  only  plant  now  in  operation 
in  the  town  of  Lonoke.  It  is  ([uite  Ukely,  though  it  is  not  an  assured 
fact,  that  this  plant  is  the  successor  to  the  Chaplin  &  England  plant. 
Th(^  Harrison  plant  was  estabUshed  in  1903,  and  is  engaged  in  the 
manufacture  of  common  building  brick.  It  has  an  output  of  25,000 
bricks  a  day.  The  bricks  are  made  from  the  red  surface  clay,  molded 
in  a  steam  machine,  dricul  in  the  open  air,  and  burned  in  up-draft 
chinip  kilns.  When  the  weather  is  favorable  the  bricks  will  dry  suffi- 
ciently in  thre(>  days  to  stand  s(»tting  in  the  kiln.  The  bricks  are 
hurned  with  wood.  About  eight  (hiys  are  recjuired  to  complete  the 
burning.     Two  kilns  are  in  us(%  (*ach  having  a  capacity  of  175,000. 

Wl/lie's  phnt.—  Thvn^  is  also  a  brick  plant  at  Cabot,  on  the  St. 
Louis,  Iron  Mountain  and  Southern  Railway.  It  is  operated  by  I.  €• 
Wylie.     Xo  further  particulars  concerning  this  plant  were  learned. 
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MUJLER  COUNTY. 

GENERAL  GEOLOGY. 

seller  County  is  entirely  within  the  Tertiary-Quaternary  area.  The 
beds  everywhere  penetrated  by  wells  are  Tertiary.  Some  of  them 
contain  marine  fossils  and  others  plant  remains.  Prof.  William 
Moseley,  at  one  time  teacher  at  Texarkana,  reports  that  a  fossil  palm 
was  found  in  a  well  near  Texarkana. 

CLAY  DEPOSITS. 

Over  the  flooded  regions  of  Miller  County  the  soils  are  in  some 
places  alluvial,  in  others  boggy  slashes,  and  in  others  buckshot  clays. 
The  clays  of  the  surface  slashes  are  at  many  places  leached  clear  of 
iron  by  the  action  of  organic  acids  and  carbonic  acid,  so  that  these 
clays  are  available  for  the  manufacture  of  the  coarser  grades  of  pot- 
tery. This  leaching,  however,  is  a  surface  phenomenon,  and  such 
clays  are  nowhere  more  than  3  or  4  feet  deep. 

The  nature  of  the  surface,  with  the  exceptions  just  mentioned,  has 
nothing  to  do  with  the  existence  or  nonexistence  of  pottery  clays  in 
the  stratified  beds  belo^ .  The  presence  of  such  beds  is  seldom  indi- 
cated by  natural  agencies  in  a  flat  region,  where  erosion  is  ver^-  slight, 
so  that  the  existence,  thickness,  and  chara^-ter  of  clay  beds  must 
usually  be  determined  by  testing  augers  or  pits,  by  digging  welLs,  or 
by  other  artificial  means. 

The  higher  Tertiary-  lands  about  Texarkana  occupy  T.  15  S.,  R.  28 
W.,  and  a  little  of  the  adjoining  territory.  It  is  within  this  area. 
and  principally  in  the  northern  tier  of  sections,  that  the  p^ittery  clays 
nre  worked.  The  occurrence  of  these  days  on  the  north  side  r>f  this 
higher  region  and  the  general  srjutheaslem  «iip  of  the  Tertiary  rcK-ks 
of  this  area  suggest  that  the  pits  now  worke<J  are  at  or  near  the  north- 
em  outcrop  of  the  Tertiary'  potter\'  clays  and  that  these  same  be<is 
dip  beneath  Texarkana.  At  what  depth  they  lie  beneath  that  city. 
however,  can  be  determined  only  by  ascertaining  the  <lip  of  the  strata. 

Clay  is  obtained  in  a  series  of  small  openings  in  the  west  si<lf'  of  the 
SE.  Tsec.  5.  T.  1.5  S..  R.  2S  W. 

The  section  expose<i  is  as  follows: 

Sfrfion  in  Hr.  ',.  /.  ;.;  .<?..  R.  :S  W. 

Iron-atainpd  ^nd y  flay 3 

l^liiti^  blue  clay 5 

Yellowish  -sanrly  clay  at  l><»llom. 

The  middle  bed  of  5  feet  is  a  pottery  and  fire-brick  clay.  Thp 
lower  yellow  sandy  day  was  trie<i  for  brickmaking  piuT>oses,  but 
owing  to  some  defect  in  the  work  rather  than  to  the  material  used  thf 
attempt  was  unsuccessful. 
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The  clay  bums  to  a  solid  croain-colored  body.  It  admits  of  both  a 
salt  and  *  ^Albany  slip'^  glaze.  Fire  bricks  made  from  this  clay  are  of 
a  light  color. 

The  following  are  the  analyses  of  these  clays: 

Analyses  of  clays  from  sec.  6^  T.  15  S.j  R.  28  W. 
[Sample  (Iriwl  at  110*-115*  ('.] 


Sandy  cUy 

at  the 

bottom. 


Whit*  clay 
used  for 
pottery. 


Silica  (SIOs) 74.76               75.99 

Alumina  ( Al,0,i 18. 98               Ifi.  12 

Ferric  oxide  (FesOs) i  S.44                 1.35 

Lime  (CaO) .51   ) 

Magnesia  (MgO) |  1.10  il            145 

Potash  (KjO) 
Soda  (N'ajO) 


':} 


2.28 


Loss  (11,0) I  3.05  I  5.(19 


loaoo  loaoo 

Sand  in  air-<lricd  specimen I  .75 

Water  at  110M15T ,  a.SS  L08 


CLAY  INDUSTRY. 

Kind  of  clay  used. — There  are  two  brick  plants  and  one  stoneware 
pottery  in  Miller  County.  The  clay  used  for  the  manufacture  of  fire 
brick  and  stoneware  comes  from  the  Tertiary  clays,  which  are  doubt- 
less of  the  same  age  as  those  used  at  the  Benton  pottery,  situated  in 
sec.  9,  T.  15  S.,  R.  28  W.  In  one  of  the  pits  clay  was  formerly  obtained 
for  the  manufacture  of  stoneware.  A  sample  of  clay  from  this  pit 
was  analyzed : 

Analysis  of  clay  from  sec.  .9,  T.  Jo  S.,  R.  2S  W. 

Silica  (SiOo) 74.85 

Alumina  (ku)^) 17.  20 

Ferric  oxide  {Fe.20■^) 1. 12 

Maj^mesia  (MgO) 1. 13 

LoHs  on  ignition 5.  70 

100.00 

Sand  in  air-<lriod  specimen 3. 44 

Water  at  1 10°-n5°  C 1.  53 

Texarkana  Bnck  Company. — At  the  plant  of  the  Texarkana  Bhck 
Company,  established  in  1902,  dry-pressed  bricks  are  made. from  a 
scmishale  or  clay.  These  bricks  are  molded  in  a  Boyd  dry-press 
machine  and  burned  in  up-draft  clamp  kilns.  Five  kilns  are  in  use, 
each  of  which  is  23  by  59  by  14  feet,  inside  mejisurements.  Wood 
and  oil  are  used  for  burning.  The  bricks  are  water-smoked  for  about 
ton  days  without  wood  and  then  a  hot  fire  is  kept  up  for  about  ninety 
liours.  Oil  is  used  for  making  the  hot  fire.  The  size  of  the  green 
bricks  is  8 J  by  2%  by  4}  inches.     The  bricks  have  a  shrinkage  of  about 
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one-sixteenth  after  burning.  The  output  of  the  plant  is  20,000  bricks 
a  day. 

Steven  brick  plant, — No  data  have  been  obtained  concerning  the 
brick  plant  of  Anthony  W.  Stevens,  located  in  Texarkana. 

Interstate  Pottery  Company. — The  plant  of  the  Interstate  Pottery 
Company  is  located  at  Texarkana.  The  clay  used  is  the  Eocene 
(Tertiary)  clay  similar  to  that  used  near  Benton  by  the  Eagle  Pottery 
Company.     Jugs,  chums,  and  jars  are  made. 

MISSISSIPPI   COUNTY. 

Mississippi  County  occupies  the  northeastern  comer  of  the  State 
and  is  bordered  by  Mississippi  River.  The  entire  county  is  low  and 
is  subject  to  overflow  by  the  river.  The  lowest  lauds  are  covered 
with  water  throughout  the  year.  There  are  many  large  lakes  in  the 
southern,  western,  and  northern  portions  of  the  county.  Some  of 
these  lakes,  such  as  Big  Lake  and  Tyronza,  are  several  square  miles 
in  extent.  Levees  along  the  entire  Mississippi  front  are  necessary  to 
keep  out  the  flood  waters  in  the  spring  of  the  year.  The  highest  land 
in  the  county  is  along  Mississippi  River,  which  by  repeated  overflows 
has  deposited  its  greatest  load  on  lands  nearest  the  main  channel. 
The  westward  slope  of  the  country  is  shown  by  the  fact  that  many 
small  streams  head  near  Mississippi  River  and  flow  westward  and 
drain  into  Tyronza  River  and  Pemiscot  Bayou. 

Much  of  the  surface  of  the  county  is  composed  of  alluvial  deposits 
of  silt,  sand,  and  finely  divided  c\eij.  In  places,  however,  beneath 
the  alluvial  sand  there  is  a  yellow  clay  loam  which  greatly  resembles 
the  yellow  clay  loam  of  the  prairies  west  of  Crowleys  Ridge  and  the 
narrow  strip  of  clay  land  on  the  east  side  of  the  ridge.  In  a  few 
places  the  yellow  loam  forms  the  surface  soil. 

At  some  distance  back  from  the  streams  and  abandoned  water 
courses  the  country  becomes  flatter  and  is  now  largely  covered  with 
water  for  several  months  in  the  year.  This  land  in  the  interstream  * 
areas  is  a  gray  bucksliotty  clay  land,  covered  with  a  dense  growth 
of  sycamore,  gum,  and  cottcmwcKxl,  with  more  or  less  maple,  willow, 
oak,  hickory,  black  oak,  elm,  and  ash.  In  the  buckshotty  clay  area 
there  are  no  signs  of  old  stream  channels. 

At  Blytheville  there  is  a  brick  and  tile  works  plant  which  makes  a 
common  brick  from  the  yellow  surface  clay  loam.  The  buckshot 
clay  could  likewise  be  tempered  with  sand  and  utilized  for  making 
common  brick. 

NEVADA   COUNTY. 

The  geology  of  Nevada  County  is  like  that  of  Dallas  and  Ouachita 
counties,  to  the  east  and  north,  like  that  of  southern  Hempstead 
County,  to  the  west,  and  like  that  of  Columbia  County,  to  the  soutlv. 
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In  Nevada  County,  however,  no  lai-ge  streams  cut  deep  into  the 
soft  strata  as  the  Ouachita  cuts  into  those  in  Ouachita  County,  so 
that  good  exposures  of  tlie  clay  hcds  are  rare  and  little  or  notliing 
is  known  about  them.  The  strata  of  this  county  are  nearly  hori- 
zontal but  dip  slightly  toward  the  southeast,  and  therefore  a  good 
clay  bed  found  anywhere  in  the  county  will  probably  lie  deeper 
beneath  the  surface  as  one  follows  it  southward. 

Records  should  be  made  of  clay  beds  passed  through  by  wells, 
for  a  promising  clay  found  in  a  well  may  come  to  the  surface  at 
some  point  farther  northwest.  It  is  not  likely  that  good  pottery 
clays  will  l)e  found  close  to  the  St.  Louis,  Iron  Mountain  and  South- 
ern Railway,  but  valuable  and  abundant  brick  clays  may  be  found 
near  that  road.  The  best  pottery  clays  and  clays  available  for 
refractory  purposes  will  be  found  about  the  central  and  southeastern 
part  of  the  county. 

Only  one  establishment  in  Nevada  County  is  engaged  in  the  man- 
ufacture of  clay  products,  Longston  Brothers'  common-mud  brick 
plant,  located  at  Emmet,  with  an  office  at  Sutton. 

OUACHITA  COUNTY. 

GENERAL  GEOLOGY. 

The  geology  of  Ouachita  County  may  be  regarded  as  typical  of 
the  southern  portion  of  the  State.  The  surface  is  underlain  entirely 
by  rocks  of  Tertiaiy  age  except  where  they  have  been  removed  by 
denudation  and  the  valleys  filled  witli  Quaternary  alluvium  or 
resi(kiaiy  accumulations.  The  Tertiary  rocks  are  usually  not  very 
hard;  they  are  clays,  sands,  lignites,  and  gravels,  and  these  four  at 
many  places  grade  into  one  another,  forming  sandy  clays,  clayey 
sands,  lignitic  days,  and  all  otlier  possilde  combinations.  At  some 
plac(vs  the  sands  are  indurated,  forming  hard  quartzites;  at  others 
they  are  but  loose  sands;  while  in  color  they  range  through  the 
browns,  yellows,  grays,  and  reds. 

Though  local  dips  may  be  seen,  most  of  the  rocks  lie  in  horizontal 
or  approximately  horizontal  beds,  so  that  they  may  readily  be  traced 
from  one  locality  to  another. 

Tlie  Tertiaiy  beds  have  been  cut  by  Ouachita  River,  which  has 
washed  out  a  wide  valley.  This  valley  is  l)ordered  on  the  west  by  a 
rather  abrupt  escarpment,  in  which  the  Tertiary  beds  outcrop, 
es])ecially  at  points  where  the  river  hugs  its  right  bank,  as  at  Cam- 
den, Newport  Landing,  and  Millers  Bluff. 

In  Camden  a  steep-sided  ravhie  having  walls  40  feet  high  is  cut 
in  the  soft  sandy  clays  by  the  stream."  A  large  part  of  the  exposed 
surface  of  these  clays  was  at  one  time  covered  with  an  abundant 


«i  Thr  sci'tion  rxp<)st'<l  on  tin*  Otiiurhita  ut  Cuiiidt'ii  is  givi'ii  in  Ann.  Kept.  (Jool  Survey  Arkanaait  for 
ISSS,  vol.  2,  J).  5<). 
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efflorescence  of  green  vitriol  (ferrous  sulphate)  derived  from  the 
clays.  This  green  vitriol  causes  the  peculiar  taste  of  the  water  found 
in  many  of  the  wells  at  Camden. 

The  character  and  disposition  of  the  Tertiaiy  beds  at  Camden 
may  be  taken  in  a  certain  sense  as  typical  of  the  geology  of  Ouachita 
County.  The  strata  there  exposed  extend  beneath  the  whole  county, 
but  in  a  more  or  less  modified  form.  This  variability  of  the  strata 
interrupts,  of  course,  the  continuity  of  the  clay  deposits  and  of  what- 
ever else  there  may  be  of  economic  value  in  these  beds.  The  sandy 
clays,  for  example,  in  their  horizontal  distribution  give  place  to 
pottery  clays,  and  pottery  clays  give  place  to  brown  coal,  and  brown 
coal  gives  place  again  to  clays  or  sands  or  some  of  the  other  beds 
so  conmion  throughout  the  county. 

In  some  places  the  beds  are  deeply  eroded  and  broad  valleys  are 
formed  in  them,  so  that  the  strata  for  several  miles  have  been  washed 
away,  clays,  sands,  coals,^  and  all.  The  valley  of  the  Ouachita  is 
itself  an  example  of  such  erosion.     The  road  from  Lester  station. 


Parker  Hill  Seely  Mountain 


Fig.  12.  -Soctlon  of  Parkor  TIlll  and  Sooly  Mountain,  Ouachita  Count j\ 

on  the  Camden  branch  of  the  St.  Louis,  Iron  Mountain  and  Southern 
Railway,  to  Camden  passes  over  a  sharp  ridge  called  Seely  iloun- 
tain,  which  rises  about  200  feet  above  the  level  of  the  Ouacliita 
bottoms.  About  4  miles  northwest  of  Camden  the  same  road  ascends 
Parker  Hill,  which  is  geologically  a  repetition  of  Seely  Mountain 
and  which  has  the  same  elevation,  the  two  being  separated  by  a 
broad  valley  which  has  been  cut  out  by  the  ordinary  process  of 
erosion.  The  profde  section  in  fig.  12  will  make  plain  the  relations 
of  these  ridges  to  each  other. 

These  details  of  general  stnicture  arc  given  for  the  purpose  of 
showing  how  the  distribution  of  clays  in  Ouachita  County  is  deter- 
mined by  the  geology  of  the  region. 

CLAY  DEPOSITS. 

The  region  in  which  the  brown  coals  occur  is  a  promising  one  in 
which  to  seek  valuable  clays  both  for  the  manufacture  of  potteiy 
and  for  fire  clays. 

a  The  Geological  Survey  of  the  State  has  data  for  a  n'port  on  the  coals  of  Ouachita  County,  and  the 
United  States  Geological  Survey  has  published  a  n»port  on  this  sul>ject  l»y  Mr.  .Iosej)h  A.  Talf  in  Twenty- 
first  Ann.  Kept  .  pt.  2,  1«J0(),  i)p.  3KKT20. 
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In  the  S.  i  SE.  i  sec.  2,  T.  12  S.,  R.  18  W.,  on  a  small  stream 
called  Sandy  Branch,  is  an  exposure  of  material  that  has  received 
considerable  attention.  It  has  the  appearance  of  being  a  very 
sandy,  compact,  ncmphistic,  whitish  cream-colored  clay.  It  has 
us^ially  been  regarded  as  a  fire  clay,  but  the  percentage  of  water  of 
ciystallizati(m  contained  in  the  material  when  freed  from  sand 
shows  it  to  be  a  kind  of  kaolin. 

This  bed  is  exposed  inconspicuously  at  three  or  four  places  on 
Sandy  Branch,  at  the  base  of  the  hills  that  form  the  western  limit 
of  tlie  immediate  valley  of  Ouachita  River.  Most  of  the  outcrop 
is  concealed  ])y  debris  that  hajs  fallen  down  from  the  hills  above,  but 
it  has  been  opened  sufficiently  to  show  its  relation  to  the  overlying 
l)eds  and  to  expose  a  thickness  down  to  the  water  of  Sandy  Branch 
of  12  feet,  but  without  discovering  the  total  thickness  of  the  deposit. 

The  geology  of  the  region  leads  to  the 

3  belief  that  this  material  lies  at  the  base 

-^^^^^^^^.^^^^  of  the  hills  up  and  down  Sandy  Branch 

^jj^i&jS^^^^^  from  the  point  referred  to  and  on  both  sides 

^^^^^^^^a^  of  the  stream,  probably  forming  an  -^ut- 

75^^^i±cf^d      I      ^^^^P  several  miles  hmg.     A  hill  nearly  100 

^^Mj^^j^:B^i^  ^     I      fee^  ^^i^h  rises  to  the  west  of  the  outcrop, 

zr^^r^^^^r^^^^  ^     but  in  all  probability  places  maybe  found 

~^^-^±~^izr^.-^^  I  ^^   wliich  there   is  no 

^^>^       """"^^ —       considerable     covering 

ri<j.l.'i.-S<'ctlon  on  Sandy  Branch,  near  Ouachita  River,  Ouachita       ^q     ^\^q     bed.       At     the 
County,    a,  l^laaticclrtv;  fc,  ]>rown  lignito;  c,  sandy  kaolin.  -  - 

exposure  referred  to  a 
IxmI  of  l)i()wn  lignite"  about  3  feet  thick  overlies  the  clay,  and  above 
this  is  a  ])ed  of  plastic  clay,  the  thickness  of  which  is  not  exposed. 

Fig.  13  is  a  section  at  this  locality. 

The  following  is  an  analysis  made  by  the  St.  Louis  Sampling  and 
Testing  Works  of  a  sample  said  to  have  been  taken  from  this  kaolin 
bed.  It  was  kindly  furnished  by  Dr.  A.  S.  Gamett,  of  Hot  Springs, 
who  had  the  analysis  made  in  August,  18S9: 

A  mil {f sis  of  hiolinfmm  Sambj  Branch. 

Silica  (SiOo) 66. 26 

Alumina  (Al./).,) 2S. 35 

Sos([iu<)xi(le  of  in m  ( Vi\yi )., ) 22 

Lime  ((\0) 26 

Magnesia  (  Mk<  > ) Trace. 

Alkalies 84 

A\'ater  and  loss 7. 32 


100.24 

a  As  ji  nilr  this  lignitj-  is  (MHisidcniltly  tliininT  on  tho  outcrop  than  insido. 
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The  following  is  an  analysis  of  a  sample  of  material  said  to  have 
come  from  "Red  Hill/'  made  in  1882  for  Walter  Hamilton,  of 
120  WilUam  street,  New  York  City,  by  A.  Guyard,  chemist.  The 
material  seems  to  be  the  same  as  that  found  in  the  Sandy  Branch 
exposure. 

Analysia  of  kaolin  from  Red  IIUl. 

SUicaCSiOa) 70.40 

Alumina  (AlaO,) 18. 40 

Peroxide  of  iron  (FejOj) 1. 25 

Titanic  acid  (TiOj) 05 

Manganese  (MnO) Trace. 

Lime(CaO) 55 

Magnesia  (MgO ) 25 

Alkalies Trace. 

Sulphuric  acid  (H3SO4) 25 

Water  (H3O) 8.75 

Lofls 10 


100.00 
A  sample  collected  by  the  State  Geological  Survey  of  Arkansas 
(through  Arthur  Winslow,  assistant  geologist)  at  the  Sandy  Branch 
locality  was  analyzed  by  the  Arkansas  Survey.  The  label  with  this 
specimen  says  it  comes  from  the  NW.  }  SW.  }  sec.  2,  T.  12  S.,  R.  18  W. 
Whether  it  came  from  that  locality  or  from  the  one  on  Sandy  Branch, 
the  material  is  the  same. 

Analysis  of  kaolin  from  sec.  2,  T.  12  S.,  R.  IS  W. 
[Brackett  61  Smith,  analysts.] 

Silica  (SiOj) 76.21 

Alumina  (AljOg) ! .     16. 00 

Ferric  oxide  (FejOg) 75 

Idme  (CaO) Slight  trace. 

Manganese  and  alkalies  (by  difference) 1 . 0() 

Water  on  ignition  (HjO) 5. 98 

100.00 

Anyone  examining  this  material  is  impressed  by  the  fact  that  it 
contains  a  large  percentage  of  sand,  tliough,  of  course,  samples  can 
be  selected  that  are  comparatively  free  from  sand.  In  order  to 
determine  the  nature  of  the  material  when  freed  from  the  greater 
part  of  the  coarse  sand,  a  sample  of  it  was  washed.  The  following  is 
the  analysis  of  a  sample  of  the  washed  material,  the  sand  being 
deducted  from  the  silica  and  the  composition  recalculated: 
Analysis  of  imshed  hinlinfroin  sec.  2,  T.  12  S.,  R.  IS  W. 

Silica  (SiOa) 28.47 

Alumina  (AI2O3) 48. 00 

Ferric  oxide  (FegOg) 2. 25 

Magnesia  (MgO)..  1  ^  ^g 


Alkalies 

Water  (iLfl) 17.84 


Ft. 

In. 

G 

8 

1 

6 

1 

6 
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This  shows  that  this  material  is  simply  a  sandy  kaolin  and  not 
an  ordinary  clay,  in  the  chemical  sense  of  that  term. 

After  the  sand  is  removed  by  washing  it  is  available  for  the  manu- 
facture of  pottery  and  also  as  a  refractory  material.  As  a  fire 
clay  it  will  be  spoken  of  elsewhere  in  this  report.  The  quantity  of 
this  kaolin  in  the  vicinity  of  the  locality  described  above  seems  to 
be  very  large.  Mr.  Winslow  observed  the  following  section  in  the 
NE.  i  SW.  J  sec.  2,  T.  12  S.,  R.  18  W.,  under  a  bluff  very  like  that 
obsci-ved  ])y  the  writer  on  Sandy  Branch: 

Section  initec.  i\  T.  K'  S.,  R.  IS  W. 

Sand  and  clay 

l)ec()mix)sed  lignite 

Gray  clay 

Decomposed  lignite 

Sandy  kaolin 12-15 

At  this  place  also  the  full  thickness  of  the  bed  is  not  seen. 

It  is  reported  from  several  places  in  sec.  36,  T.  11  S.,  R.  18  W. 
At  one  point  the  former  exposure  is  said  to  have  recently  been  con- 
cealed by  a  landslide;  at  another  place  it  is  said  to  be  4  feet  thick, 
and  has  been  used  for  whitewash. 

In  the  SW.  }  NW.  }  sec.  36,  T.  1 1  S,,  R.  18  W.,  at  the  house  of  Jack 
McKinzie,   the  following  section  was  passed  through  in  digging  a 

well: 

Section  in  vdl  in  sec.  Sfi,  T.  Jl  S.,  R.  m  W, 

Feet. 

(lay 2 

LigniU* 2i 

( iray  clay  with  sjind 3+ 

There  are  thin  beds  of  i)ottery  clay  on  a  branch  of  Wolf  Creek  at 
the  mouth  of  a  lignite  drift  in  the  NE.  J  NW.  J  sec.  14,  T.  12'S.,  R. 
IS  W.  These  beds  are  only  a  few  inches  thick,  and  therefore  too  thin 
to  be  of  any  practical  value.  Inside  the  drift  they  are  only  6  or  8 
inches  thick.  It  is  possible  that  these  beds  may  be  thick  enough  in 
this  neighborhood  to  render  them  valuable.  The  clay  itself  is  of  fair 
quality,  as  the  following  analysis  of  it  shows: 

Arialy  sis  of  clay  from  XK.  \  WV.  \  sec.  hU  T.  IS  S,,  R,  IS  W. 
ISamplr  dried  at  110°-lir)°  ('.     Bnu-kctt  tt  Siriith,  Miwlysts.] 

Silica  (SiO.) 79.42 

Alumina  ( Alpg) 13. 35 

Ferric  oxide  (F02O3) 2. 17 

Lime  M'aO) Trace. 

Magnesia  (MgO). 

Trace 


Potash  (K,())  .. 
Soda  (Nai))... 
Loss  on  ignition  (II./)) 5. 38 

100.32 

Sand  in  air-dri(*d  specimen 9. 48 

Water  at  1  iO°-l  15°  C 3. 72 


OUACHITA    COUNTY.  143 

In  burning,  this  clay  becomes  a  light  gray  and  loses  9.68  per  cent 
of  its  weight. 

The  following  is  the  section  exposed  at  the  Sulphur  Spring  coal 
drift,  at  the  base  of  the  hill  near  the  house  of  the  superintendent  of 
the  Ouachita  Coal  Company's  mines. 

Section  at  Sulphur  Sprimf  coal  drift. 

Ft.    In. 

1.  YeUowsand '. 15 

2.  Thinly  laminated  sands  and  clay 7 

3.  Sand 2 

4.  Buff  pottery  clay 1    6 

5.  Lignite 5 

6.  Clay  with  fossil  leaves 6+ 

No.  2  of  the  above  section  is  made  up  of  interstratified  half-inch 
beds  of  sand  and  pure  clay,  with  fragments  of  vegetation  scattered 
through  them,  in  which  form  it  can  not  be  utilized.  No.  4  is  a  good 
clay  and  might  be  utilized  if  the  bed  were  thicker.  Near  the  mouth 
of  the  drift  it  is  somewhat  stained  with  iron,  but  will  not  be  found 
so  stained  farther  in  the  hill.  No.  6  is  said  to  have  been  penetrated 
6  feet  in  digging  a  sump  in  the  coal  mine,  but  at  this  depth  it  was  not 
passed  through.  The  leaf  impressions  in  this  clay  are  very  abundant 
and  fresh. 

Mr.  Winslow  reports  the  following  section  from  the  old  mine  half 
a  mile  from  the  Ouachita  River,  in  the  NW.  \  NE.  }  sec.  12,  T.  12 
S.,  R.  18  W. 

Sertion  in  old  mine  in  NW.  \  NR.  }  sec.  U,  T.  U  S.,  R.  JS  W. 

Sand  on  Hurface.  Ft.     in. 

1.  White  sandy  clay 3 

2.  Chocolate  sandy  pottery  clay 3 

3.  Yellow  and  white  sand 8 

4.  Bluish-gray  clay  with  sandy  seams 8 

5.  Carbonaceous  shale 6 

6.  Lignite 5-() 

7.  Gray  clay  not  penetrated  at 3 

No.  2  of  the  above  section  is  a  massive  ciiocolate-colored  clay 
that  does  not  crack  on  drying.  It  seems  to  be  available  for  the 
manufacture  of  both  pottery  and  fire  bricks.  No.  7  is  a  tenacious 
pottery  clay  containing  an  abundance  of  well-preseived  impressions 
of  leaves.  This  bed  strongly  resembles  the  lower  leaf-bearing  bed  of 
Atchison's  pits  at  Perla  switch,  Hot  Spring  County,  used  for  the  man- 
ufacture of  fire  bricks. 

The  clays  mentioned  in  this  section  are  not  being  utilized  for  any 
purpose,  although  a  company  is  said  to  have  under  consideration  the 
question  of  erecting  brick  and  sewer-pipe  works  in  the  neighborhood. 

Mr.  Kennedy  reports  also  that  at  drift  No.  1  on  the  Beach  tract, 
within  200  feet  of  the  county  road,  under  the  biov^  oi  ^  ^^^xA^  \^^^ 
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ill  the  NE.  }  NW.  \  sec.  29,  T.  12  S.,  R.  18  W.,  there  is  a  bed  of 
pottery  clay  about  2  feet  thick  overlying  the  lignite.  The  upper  6 
inches  of  this  clay  is  of  a  yellowish  color;  the  lower  18  inches  is  blui«;h 
gray.  Both  portions  contain  a  large  amount  of  very  fine  micaceous 
sand.     The  gray  portion  seems  to  be  a  fair  potter's  clay. 

Wells  bored  at  Henry  C.  Bell's  place  on  sec.  4,  T.  13  S.,  R.  18  W., 
passed  through  an  aggregate  of  17  feet  of  clay  and  4i  feet  of  lignite. 
The  order  of  their  arrangement  could  not  be  ascertained. 

A  well  put  down  at  Wilson  Carter's  gin  in  the  NW.  J  NW.  J  sec.  15, 
T.  12  S.,  R.  19  W.,  has  the  following  section: 

Section  in  vh'II  at  Wilson  Carter* 8  gin. 

Foet. 

Sand 15 

aay 5 

Lignite 4i 

Clay. 

Mr.  Kennedy  reports  a  drift  in  the  NW.  J  NW.  }  sec.  15,  T.  12  S., 
R.  18  W.,  with  3  feet  of  blue-gray  clay  above  and  below  a  3-foot  lignite 
bed. 

Near  Dempay^s  mill,  in  the  S.  i  SW.  }  sec.  25,  T.  12  S.,  R.  18  W., 
the  road  descending  from  the  hills  to  the  flood  plain  of  Ecore  Fabre 
Creek  passes  over  some  light-gray  sandy  clays  that  appear  to  be  avail- 
able for  potteiy.  From  this  point  the  highlands  that  border  the  right 
side  of  the  Ouachita  Valley  follow  a  zigzag  course  through  sees.  25, 
24,  13,  12,  11,  1,  and  2  of  f.  12  wS.,  R.  18  W.,  and  still  farther  north  it 
passes  through  sees.  36,  35,  25,  26,  34,  and  33,  T.  11  S.,  R.  18  W.,  and 
returns  to  sees.  4  and  5  of  T.  12  S.,  R.  18  W.  The  clay  outcrops 
follow  in  and  out  around  the  sides  of  these  hills,  though  as  a  rule  they 
are  concealed  by  the  earth  and  humus  that  have  accumulated  upon 
tiic^ni.  Outcrops  of  the  same  beds  may  be  traced  in  the  same  way 
al)out  the  headwatera  of  Wolf  Creek  and  of  Ecore  Fabre  Creek. 

South  of  Ecore  Fabre  Creek  the  Lester-Camden  road  rises  to  higher 
ground  in  the  NW.  }  NW.  J  sec.  1,  T.  13  S.,  R.  18  W.  In  these 
.  higiier  lands  good  pottery  clays  crop  out  locally  in  gullies  and  in  the 
bluiVs,  but  for  the  most  part  the  outcrops  are  concealed  by  debris 
from  the  overlying  beds.  In  the  SW.  J  NW.  J  sec.  1,  near  Joshua 
Lester's  house,  this  clay  is  exposed  on  the  hillside  just  west  of  the 
road.  The  section  shows  2  or  3  feet  of  sandy  clay  with  2  feet 
(exposed)  of  j)ink  sandy  potter's  clay  ])eneath  it.  This  clay  contains 
fossil  leaves. 

Mr.  Lester's  house  is  in  the  NE.  J  SW.  \  sec.  1,  T.  13  S.,  R.  18  W. 
Just  across  the  road  west  of  his  house,  and  about  200  feet  from  it, 
there  is  a  3-fo()t  bed  exposed;  above  it  the  soil  is  streaked  with  red, 
and  contains  thin  bands  of  linionite;  below  it  are  red  sandy  clays,  over 
15  feet  of  which  are  exposed. 
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The  sections  exposed  in  Seely  Mountain  ami  in  Parkers  Hill,  south 
of  Lester,  on  the  road  to  Camden,  show  ven'  sandy  bods,  with  no 
available  pottery  clays.  These  clays  appear  to  lie  at  a  lower  level, 
and  to  wind  in  and  out  about  the  hills  towanl  their  bases. 

In  the  city  of  Camden  there  is  a  small  pockety  bed  of  pottery  clay, 
in  places  3  feet  thick,  on  the  west  side  of  the  Missouri  Pacific  Hallway, 
on  California  street. 

The  Arkansas  Company,  an  organization  with  an  ott\vi\  at  Lester, 
Ark.,  owns  a  large  part  of  the  lignite  and  clay  lands  between  the  Ciiin- 
den  branch  of  the  St.  Louis,  Iron  Mountain  and  Southern  Railway  and 
Ouachita  River  in  T.  12  S.,  R.  18  W.  Tliis  company  put  down  a  deep 
well  at  the  center  of  sec.  12  of  that  township  and  range.  Dr.  A.  S. 
Gamett,  of  Hot  Springs,  Ark.,  kindly  furnished  a  (M)i)y  of  ilw  record 
of  this  well,  which  shows  the  various  clay  beds  and  their  thickneHHi's. 

Record  of  well  at  the  center  of  sec.  12,  T.  12  <S*.,  li.  IH  \V. 

Common  clay 2h 

Blue  fire  clay I^ 

Coal  (lignite) U 

Fireclay \U 

Quicksand M> 

Decomposed  clay U 

Sand M) 

Hardclay 'W> 

Coal  (lignite) 't 

Hardclay I*' 

Sandy  clay MO 

Coal  (lignite) •* 

Sand  and  clay 'V> 

Quickfland H''' 

Sand  and  clay '/:# 

Hardclay.... ^-t 

Coal  (lignite i'' 

Gay  and  sand V^ 

Coal  Oignitie  ^ 

Quickaand i  "*/ 

Rock  and  s^zA *// 

From  whAt  li^.^  v-^n  -Aid  of  th««r  i^xyt^Mt^-^  t/*ov,i,  i\  y.^j)  \,i  ;./•i^ 
that  pottery  davr  *:*-  v>  '/<•  \'>f,Vt''\  f'^t  lu  •h^-  \ffy,if  1,^,1*, f,u^-. '/?  •/./  :.,„^ 
thftt  skirt  th#?  ^/-.A/r.>A  V*;,/ y.  7V  <Ui^,u*'^'<  ot  ♦f./-^-  i.,.,-  '*i.  't.^ 
west  side  of  x\wf:  r.  v- ;  x-  *•  '•  -  "'  *^-  *'''  *  /•'* * '  '* ' '^* ^''  f  '/f  r*  a  •  ,  ? ;ii  <  /  ;//.• 
of  the  day  \ff^ii-..  v-*  *:.*-  ••*;:>•  •/<^:-.  Hr^  >  '//^^,/J/y;S  .  f^-  >//^/ir//:  ?', 
the  east  side  '/  '.ir^r  r.  v*^;  >.:,.':  .r.  *;,/■  /-■•;,*,/•;  .v/;/*-.-  '/f  v.**  .•^/:i'  \^  '--.^ 
valley,  tY^m^:^  \:ji^y  *-•>  ''.^■--  ^*r  •.;'.•  ?;'/-  w  .-^ •-*;;. 

It  is  iMtW-^.^  t.:i'.  V'.A"  /v^'.  '  V'*  ***  **  ••'''"  ^   '/,>.ff^  ^vkvx- .^  v*/-; 
with  the  T*Tr.tA:--  -.vt  ••  •.  •  .  //    '• -■  '^  "  ••  *'/■'''       '*'•  .-•  ^•«'    ■//   ''* 
which  msaS^'i'  t**  •*-"*-•  <-■•/■•■'         •%♦'    '■*''.         '  *•'    '■*•••    /«*■;•»  *v  v^ 
a  certaiiii  <ii^vr.'  t^  ».  / -    »'    ■..-*"•/',••*'.  *•,•**  •  .a  ;  --. 
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CLAY  INDUSTRY. 

Notwithstanding  the  fact  that  Ouachita  County  is  remarkably  well 
suj)plie(l  with  potter's  clays,  no  clay  industry  is  known  to  exist  in  the 
county  at  the  present  time,  and  the  only  plant  that  has  existed,  and 
of  which  information  c^uld  be  had,  was  a  pottery  located  about  8 
niil(»s  south  of  Camden  and  about  2  miles  from  Ouachita  River,  on  the 
farm  now  belonging  to  Mr.  Thomas  Patton  (Camden  post-office) .  The 
clay  is  said  to  have  come  from  one  of  the  stratified  ])eds  of  the  hillside. 
The  pottery  has  not  been  in  o[)eration  since*  the  breaking  out'of  the 
civil  war. 

PinLIilPS   COUNTY. 

GENERAL  GEOLOGY. 

The  southern  half  of  PhilUps  County  is  covered  by  the  alluvial 
d(*I)osits  of  Mississippi  and  White  rivers.  The  northern  half  is  broken 
by  Crowleys  Ridge,  which  has  its  southern  terminus  at  Helena,  on 
Mississippi  River.  West  of  the  ridge  is  a  series  of  much  lower  ridges, 
or  low  swells,  which  have  a  general  north  and  south  direction.  These 
smaller  ridges  are  broken  by  streams  and  intervening  depressions. 

The  elevation  of  the  lowlands  in  the  southern  portion  of  the  county 
is  but  a  few  feet  above  the  water  in  Mississippi  River.  The  elevation 
of  the  depot  at  Helena  is  194  feet  above  sea  level.  The  highest  point 
on  the  top  of  the  ridge  at  Helena  is  198.9  feet  above  the  zero  gage. 
The  elevation  of  the  zero  gage  is  148.85  feet  above  sea  level.  The  top 
of  the  ridge  is  therefore  347.75  feet  above  sea  level,  and  about  150  feet 
a])ovo  the  lowlands  to  the  west. 

The  bluffs  along  the  south  end  of  the  ridge  in  the  vicinity  of  Helena 
give  good  exposures  of  Tertiary  and  Quaternary  strata.  The  loess 
covers  the  top  and  sides  of  the  ridge  here  as  at  most  places  throughout 
the  State.  The  rearranged  product  of  the  loess  covers  the  older 
underlying  strata,  which  are  seen  at  only  a  few  places. 

At  the  west  end  of  Cherry  street  in  Helena,  and  along  the  bluff  to 
tlie  south,  there  is  a  bed  of  iron-stained  pebbles,  which  greatly  re- 
semble the  peb])les  of  the  Lafayette  formation.  The  top  of  the 
])ebble  bed  stands  at  an  elevation  of  205  feet.  Immediately  above 
the  1)0(1  of  pe])bles  comes  about  10  feet  or  more  of  orange-colored 
loam.  Overlying  the  loam  is  an  ai)parent  soil  zone,  having  a  niaxi- 
niuiii  thickness  of  10  feet.  This  is  present  in  many  places,  but  it  is 
at  others  absent.  The  remaining  part  of  the  bluff  is  composed  of 
typical  calcareous  loess,  containing  numerous  land  shells. 

In  ])laces  where  recent  excavations  have  been  made  the  loess  is 
distinctly  stratified.  Viewed  from  a  distance  it  has  a  general  stratified 
aj)pearance,  l>ut  when  more  closely  inspected  many  more  faint  lines 
of  stratification  can  be  seen. 
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At  the  big  spring  2  miles  north  of  Helena,  on  the  east  side  of  the 
ridge,  80  feet  of  variegated  sands,  clays,  and  lignitic  clays  are  exposed 
in  the  deep  ravine  just  north  of  the  spring.  The  iron-colored  pebbles 
and  overlying  orange-colored  loam,  seen  at  the  foot  of  the  bluff  on 
Cherry  street  in  Helena,  comes  above  the  80-foot  section  of  variegated 
sands  and  clays  at  this  spring.  The  top  of  the  bluff  is  covered  with 
loess. 

Along  the  western  edge  or  Crowleys  Ridge  in  this  county  there  is 
an  apparent  terrace  from  one-half  to  3  miles  wide.  It  has  a  uniform 
elevation  20  to  30  feet  higher  than  the  plain  to  the  west. 

A  section  in  a  gulley  li  miles  east  of  Southland  shows  strata  of  the 
character  found  in  the  terrace  west  of  the  main  ridge. 

Section  of  te trace  7  J  miles  east  of  Southland. 

Feet. 

Stratified  dark  clayey  loam 4 

Thin,  laminated,  argillaceous  sand,  with  small,  irregular  concretions 

of  iron  oxide 4 

Yellow  argillaceous  sand 2 

CLAY  DEPOSITS  AND  INDUSTRY. 

The  principal  brick  clays  of  Phillips  County  are  the  loess  and 
rearranged  loess  found  on  the  top  and  sides  and  at  the  foot  of  Crow- 
leys  Ridge.  Bricks  could  be  made  from  the  upper  loam  of  the  terrace 
along  the  west  side  of  the  ridge  and  also  from  the  clays  that  form  the 
surface  of  Pine  and  Hickory  ridges.  So  far,  however,  the  brick 
industry  of  the  county  is  limited  to  the  city  of  Helena. 

The  plant  of  the  Straub  Brick  Company  is  located  on  the  south- 
west side  of  the  town,  at  the  foot  of  Crowleys  Ridge.  The  capacity 
of  the  plant  is  36,000  bricks  a  day.  The  bricks  are  made  from  the 
loess,  which  has  been  slightly  reworked  and  mixed  with  the  under- 
lying clays.  It  requires  a  greater  amount  of  care  to  make  good 
bricks  from  this  clay  than  from  ordinary  clay.  The  loess  is  a  very 
fine,  silty,  calcareous  loam,  lacking  plasticity,  and  it  is  ver}^  easy  to 
get  too  much  water  in  the  pug  mill.  It  is  found  to  be  more  profitable 
to  make  soft-mud  brick  in  the  summer,  and  dry-pressed  brick  in  the 
fall  and  winter. 

The  bricks  are  dried  in  tlic  open  air  by  the  pallet  and  rack  system. 
Most  of  them  are  burned  in  up-draf t  kilns.  Only  one  down-draft  kiln 
is  used. 

PIKE  COUNTY. 

GENERAL  GEOLOGY. 

The  geologic  age  and  character  of  the  deposits  in  the  southern  part 
of  Pike  County  encourage  the  hope  that  valuable  beds  of  kaolin  exist 
there.  These  beds,  however,  must  be  sought  within  the  Mesozoic 
area  and  not  in  the  region  of  hard  Paleozoic  rocks  to  ll\^  wvyt\Xv, 
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In  a  general  way  the  northern  border  of  the  Mesozoic  rocks  in  Pike 
County  passes  from  Antoine  just  north  of  Wolf  Creek  post-office, 
Brocktown,  and  Murfreesboro,  and  south  of  Royalston,  passing  into 
Howard  County  where  the  county  line  crosses  Muddy  Fork  of  Little 
River.  North  of  this  line  it  is  useless  to  look  for  kaolin  in  commercial 
quantities  in  Pike  County.* 

CLAY  DEPOSITS. 

It  has  been  known  for  several  years  that  kaolin  exists  in  Pike 
County,  but  the  only  plant  of  any  kind  in  the  county  that  is  engaged 
in  the  manufacture  of  clay  products  is  a  small  brick  plant  at  Nathan. 

Some  fine  specimens  of  kaolin  were  exhibited  at  the  exposition 
liold  at  Ijittle  Rock  in  the  summer  of  1887.  These  specimens  were 
labeled  ''Pulaski  County/'  but  thoy  must  have  come  from  the  Vaughn 
Creek  beds,  in  Pike  County.  At  least  no  such  kaolin  is  known  in 
Pulaski  County.* 

The  kjvolin  beds  of  Vaughn  Creek  have  been  examined  by  the  State 
Geological  Survey  at  the  pits  opened  in  the  NW.  \  SW.  \  sec.  19,  T. 
8  S.,  R.  24  W.,  near  S.  D.  Hanna's  house.  The  locality  is  known  in 
the  surrounding  country  as  'Hhe  chalk  bank."  Its  discovery  seems 
to  have  been  due  to  the  fact  that  pieces  of  kaolin  were  torn  out  by 
an  uj)rooted  tree.  The  material  has  been  used  to  some  extent  through 
the  country  for  school  chalk. 

The  kaolin  lies  in  horizontal  beds  in  the  tops  of  the  hills  that  skirt 
the  right  bank  of  Vaughn  Creek.  These  hills  are  low  and  are  covered 
with  an  abundance  of  waterworn  pebbles  and  cobblestones  of  Pleis- 
tocene age.  In  the  valley  of  Vaughn  Creek,  about  75  feet  below  the 
summit  of  the  kaolin-bearing  ridges,  lignites  of  the  Trinity  beds 
(lower  Cretaceous)  have  been  foimd  in  digging  a  well  at  Mr.  S.  D. 
Hanna's,  in  the  SE.  }  NW.  \  sec.  19,  T.  8  S.,  R.  24  W.  •  The  strati- 
graphic  position  of  the  koalin  would  admit  of  its  belonging  either  to 
the  lower  Cretaceous,  the  upper  Cretaceous,  or  to  the  Tertiary.  In 
the  absence  of  other  evidence  it  is  therefore  impossible  to  say  to 
which  of  these  horizons  it  belongs.  It  is  believed  that  the  beds  are 
of  ( -retaceous  age,  but  this  can  not  be  stated  as  anything  more  than 
an  opinion  based  on  observations  of  the  topograi)hy  and  stratigraphy 
of  the  Cretaceous  beds  farther  west  and  south. 

The  accompanying  section  (fig.  14)  is  exposed  in  one  of  the  old 
])r()sj)ecting  j)its  dug  on  the  kaolin.  It  is  impossible  to  say  whether 
tills  kaolin  bed  represents  the  full  thickness  of  the  deposit  in  Pike 
County.  A  few  other  smaller  holes  have  ])een  dug  in  the  immediate 
vicinity,  but  as  they  are  all  within  ]()()  feet  of  this  one  and  were  dug 

■I  Th«'  M<»rtf>Z(>ir  nKks  of  Pike  roiiiity  an-  shown  on  lli«'  map  of  tliui  rrjrion  accompanying  vol.  2  of 
th«»  n'port  of  th<»  Geological  Survey  of  Arkansas  for  ISss. 

''  Jn  Isoo  these  six-ciniens,  still  la1)«»k'<i  "  IMilaski  County,"  \\en'  on  exhibition  at  the  rooms  of  the  State 
Department  of  Agriculture  at  Little  Kock, 
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to  strike  the  same  deposits,  tliey  tlirow  no  light  on  the  nature  of  the 
l>eds  except  at  this  one  place. 

The  broken  bed  cl  of  the  section  appears  to  be  the  remains  of  a  bed 
of  kaolin  from  which  a  part  of  the  constituents  has  been  removed  by 
decomposition.  The  larger  fragments,  when  broken  parallel  with 
the  bedding,  show  a  great  many  obscure  and  small  plant  impressions, 
resembling  those  made  by  blades  of  grass.  None  of  the  forms  seen 
are  recognizable,  however.  The  upper  part  of  the  bed  marked  Jca  in 
the  accompanying  section  contains  a  little  grit  in  the  form  of  grains 
of  fine  quartz  sand.  It  also  shows  a  great  many  indistinct  and  frag- 
mentary impressions  of  plants.  These  plant  impressions  are  very 
small  and  none  of  those  found  are  determinable.  The  lower  part  of 
the  bed  Jca  is  pink  in  color,  and  contains  besides  many  small  white 


rto2'* 


Fio.  14. — Section  of  kaolin  dex>osits  on  Vaughn  Croeic,  Pike  County,  gr,  Lafayette  gravel;  cl,  impure 
day;  ka,  pink  kaolin  with  white  specks;  gel,  granular,  white  streak  of  cl^y;  k,  white  kaolin,  iron- 
•tained  joints;  ss,  yellow  sand. 

spots  about  the  size  of  a  pin's  head.  These  spots  are  kaolin  like  the 
rest,  and  retain  their  white  color,  distinct  from  that  of  the  rest  of  the 
material,  even  after  firing  and  glazing. 

In  sec.  19,  T.  8  S.,  R.  24  W.,  and  in  sec.  24,  T.  8  S.,  R.  25  W.,  the 
following  record  of  the  order  of  the  beds  is  reported  by  Mr.  E.  C. 
Buchanan,  of  little  Rock : 


Section  in  sees.  19  and  24,  T.  8  S.j  Rs.  24  and  25  W. 


Ft. 
2 


Earth  and  gravel 

Kaolin  with  sand  and  red  wtreakn 

Kaolin  and  sand 1 

Kaolin  with  streaks 1 

Pinkish  sand 1 


in. 
3 
() 
6 
G 
8 


Other  pits  show  the  same  order,  but  in  some  of  them  the  clean 
kaolin  is  thicker. 
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Mr.  Buchanan,  after  having  spent  some  time  in  examining  the 
kaolin  deposits  of  Pike  Coimty,  wrote  the  following  general  conclu- 
sions regarding  them: 

The  beds  arc  fnmi  3  to  9  feet  in  thicknoss  an<l  are  very  variable  in  color.  Shafts  only 
a  liun(ln»<l  feet  apart,  exhibit  considenible  differencen  in  the  8ection8.  The  following 
is  a  typical  section  as  near  as  such  a  section  is  iM)HHible: 

Typical  Htrtion  hi  Plkv  Ctmnti/. 

Feet. 

Sand  and  gravel .V25 

Sand  varying  in  color,  but  generally  reddish  or  pink,  with  thin 

sheets  of  iron  oxide 4 

Kaolin,  «>li(l.  pale  yellow  to  white,  with  red  or  yellow  ptreakH 3-9 

Sand 3+ 

Tlie  colors  found  in  one  shaft  were  not  always  the  same  as  those 
in  an  adjacent  one.  The  largest  area  of  kaolin  found  in  one  body 
covered  about  10  acres.  The  greatest  depth  at  which  the  kaolin  was 
found  was  25  feet. 

vSo  far  as  these  deposits  have  been  examined  they  appear  to  be 
rather  lens-shaped  l)eds  of  limited  distributi(m.  Some  of  the^e  beds 
cover  only  half  an  acre;  others  cover  an  area  of  8  or  10  acres.  Mr. 
Buchanan  is  of  the  opinion  that  the  entire  kaolin  area  probably  does 
not  exceed  350  acres.  These  lands  lie  in  sees.  19  and  30,  T.  8  S., 
R.  23  W.,  and  in  sees.  23,  24,  25,  and  26,  and  probably  in  sees.  35 
and  36,  T.  S  S.,  11.  24  W. 

The  more  massive  ])eds  of  kaolin  contain  no  evidence  of  its  deriva- 
tion beyond  its  sedimentary  origin.  The  kaolin  contains,  as  one 
might  expect,  fragments  of  (juartz,  l)ut  not  enough  to  affect  the  value 
of  the  material  for  economic  jmrposes.  It  has  a  conchoidal  fracture, 
but  within  the  stratum  there  are  no  bedding  or  lamination  planes.  In 
the  ])eds  above  and  below  it  there  are  evidences  that  the  accompany- 
ing strata  were  deposited  in  water,  a  bed  of  sand  underlying  and  a 
bed  of  less  pure  kaolin  overlying  it.  There  can  be  no  doubt,  there- 
fore, of  the  sedimentary  origin  of  the  Pike  County  kaolin. 

It  is  worthy  of  mention  that  no  exposures  of  feldspathic  rocks  are 
known  anywhere  in  this  neighborhood.  The  nearest  lai^e  exposure 
is  at  Magnet  (^ove  in  Hot  vSpring  County,  50  miles  distant,  but  as  the 
Pike  (■ounty  kaolin  is  (^retaceous  it  can  have  no  genetic  relation  to 
tJK*  Magnet  Cove  rocks,  for  the  latter  are  prol)ably  of  post-Cretaceous 
age;  certainly  they  are  not  pre-Cretaceous,  and  could  not  therefore 
have  supplied  the  material  for  this  kaolin. 

Th(»  Pike  County  kaolin  is  different  in  ])hysical  characters  from  any 
other  kaolin  thus  far  foimd  in  the  wState.  It  is  not  plastic  in  its  natu- 
ral condition,  but  has  a  hardness  of  about  1.5  in  the  mineralogical 
scale,  being  easily  scratched  with  tlie  nail.  When  dry  it  adheres 
strongly  to  the  tcmgue,  but  it  can  not  absorb  (Miougli  water  to  render 
it  ])]astic,  even  when  left  sul)merge(l  for  we<»ks.     In  the  pit,  where  it 
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is  thoroughly  soaked  with  water,  it  is  brittle  and  breaks  with  a 
splintery  conchoidal  fracture.  When  dry  and  rubbed  with  the  hand 
it  takes  on  a  satin-like  gloss.  Ground  to  a  fine  powder  and  wet,  it 
forms  a  nonplastic  or  but  partially  plastic  mass. 

A  sample  of  this  kaolin  that  had  been  left  to  air  dry  for  several 
months  and  then  submerged  in  water  cracked  to  small  angular  pieces 
with  plainly  audible  snapping  sounds,  very  much  as  if  it  had  l)een  a 
piece  of  hot  glass.  Within  five  minutes  the  breaking  had  ceased,  and 
though  the  kaolin  remained  in  water  for  several  days,  it  showed  no 
further  signs  of  being  affected  by  it. 

The  fact  that  this  kaolin  does  not  soften  in  water  like  clay  is  a  dis- 
advantage, for  it  would  need  to  be  ground  and  washed  before  it  could 
be  used  in  the  manufacture  of  fine  pottery.  A  sample  of  it  has  been 
put  to  a  practical  test  by  beiiig  fired  and  glazed  in  one  of  the  New 
Jersey  potteries.     It  stood  this  test  in  a  very  satisfactory  manner. 

Below  are  given  analyses  of  both  the  upper  pink  and  the  lower 
white  kaolin  of  the  section  given  on  page  149.  The  locality  is  in  the 
NW.  i  SW.  }  sec.  19,  T.  8  S.,  R.  24  W.  These  analyses  may  be  com- 
pared with  those  of  well-known  kaolins  in  the  table  on  pages  236-237. 

Analyses  of  kaolins  frwn   Vovghn  Creek. 
[Dr.  T.  (\  Van  Nuys,  analyst.] 

!    Upper       Ix)wer 
bed.      I      lx»d. 

Silica  (SiOt) I        48.87  47. 39 

Alumina  (AltO,) 3«.  51  34. 67 

Iron  (ferric)  oxide  (FejOs) .98  |  2. 31 

Lime  (CaO) .19  .32 

Magnesia  (MgO) .  25  ,  Trace. 

Potash  (K,0) I .2() 

Soda  (NatO) I .39 

Water 13. 29  13. 89 

100.11  ,         97.17 
Water  at  110°-115°  C ^ 1.  (K) 


At  the  pit  from  which  the  sample  of  the  lower  bed  was  taken  the 
kaolin  is  much  fractured,  and  iron-charged  waters  have  infiltrated 
along  these  fracture  lines  and  stained  them  a  deep  brown  color, 
though  the  material  still  holds  together  compactly.  When  a  mass 
removed  from  the  bed  is  struck  hard,  it  breaks  along  these  fractures. 
The  iron  stain  seriously  injures  the  kaolin,  probably  rendering  it 
worthless  for  fine  ware.  It  is  evident,  however,  that  tlie  iron  lias 
been  leached  from  the  waterworn  gravels,  sands,  and  days  that  cover 
the  surface  of  the  ground  and  has  been  redeposited  in  the  only  part  of 
the  kaolin  it  could  easily  penetrate — that  is,  along  these  crevices.  If, 
therefore,  kaolin  available  for  the  manufacture  of  the  finer  grades  of 
porcelain  exists  in  commercial  quantities  in  the  neighborhood  of  tlie 
Vaughn  Creek  pits,  it  should  be  looked  for  at  places  where  it  will  have 
a  covering  thick  enough  to  protect  it  from  infiltration  of  iron-charged 
waters  from  i\w  surface. 
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The  analyses  of  this  kaoHn  show  that  except  for  the  stains 
referred  to  above  it  is  sufficiently  pure  for  the  manufacture  of  fine 
porcelain  ware.  It  seems  to  be  well  adapted  also  for  paper  finishing. 
It  also  hius  high  refractory  properties,  and  in  case  it  can  not  be  found 
free  from  the  imjmrities  that  would  injure  it  as  a  china  clay,  it  is  still 
available  for  the  manufacture  of  a  high  grade  of  fireproof  articles. 

Prospecting  for  kaolin  that  lies  in  horizontally  stratified  beds,  as 
do  these  of  Pike  County,  is  a  very  simple  matter  and  will  not  be  ex- 
j^ensive  unless  one  happens  upon  thick  deposits  of  the  Pleistocene 
waterwom  material  that  covers  the  surface  of  the  ground.  The 
accompanying  diagram  (fig.  15)  is  intended  to  show  the  method  of 
occurrence  of  the  kaolin  wdth  reference  to  the  waterwom  gravels  of 
that  region. 

A  vertical  section  cut  through  theiSe  beds  would  show  that  they 
have  some  such  relations  as  those  indicated  in  the  diagram.  The 
kaolin  lies  in  a  horizontal  bed,  hiy  and  the  sands,  88,  clays,  cl,  etc., 
associated  with  it,  are  also  horizcmtally  bedded.  These  beds  have 
been  woni  away  from  above  and  the  great  body  of  kaolin  originally 
deposited  has  been  removed.     What  remains  is -fragmentary  and, 


Fio.  15.— Section  of  kaolin  bods  in  Pike  County. 

in  the  vicinity  of  the  Vaughn  Creek  i)its,  at  least,  lies  in  the  hilltops,  but 
over  the  worn  surface  gravel  beds,  gr,  have  been  spread  out,  covering 
the  greater  part  of  the  surrounding  country.  This  gravel  varies 
greatly  in  thickness.  At  some  places  it  is  almost  entirely  wanting 
or  is  represented  by  only  a  few  pebbles,  \vhile  at  others  it  has  a 
thickness  of  30  feet  or  more.  It  is  at  many  places  impossible  to 
fon^see  the  thickness  of  this  gravel  covering,  for,  as  will  be  realized 
from  the  diagram,  the  thickness  at  a  would  give  a  miner  no  clue 
whatever  to  the  thickness  of  the  same  deposit  at  5,  and  vice  versa. 

The  horizontality  of  the  kaolin  beds  makes  prospecting  for  them 
simple  and  cheap.  It  is  only  necessary  to  ascertain  the  elevation 
on  the  hillside  at  which  the  bed  is  to  be  exposed,  judging  from  the 
oh^vation  at  which  it  occui*s  at  known  localities,  and  then  to  dig  a 
trench  up  and  down  the  face  of  the  hill  so  as  to  crosscut  the  bed. 
This  trench  should  pass  entii'cly  through  tlu*  waterwom  gravels  and 
uncover  the  underlying  beds.  If  the  kaolin  bed  were  perfectly 
horizontal  such  a  trench  would  not  be  necessary,  for  a  pit  could  be 
<>])cned  directly  on  the  l)e<l,  but  its  position  varies  somewhat,  and 
this  variation  makes  the  trench  neccssarv. 
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It  will  be  seen  trom  the  foregoing  that  whether  or  not  considerable 
quantities  of  kaolin  are  to  be  expected  in  the  region  west  of  Vaughn 
Creek  in  Pike  County  depends  on  the  topography  of  the  country. 
If  the  hills  ^re  all  lower  than  the  point  at  which  the  outcrop  is  found, 
near  Mr.  Hannahs,  the  kaolin  has  all  been  washed  away.  If  the  hills 
are  higher  and  their  height  is  not  due  to  the  great  thickness  of  the 
gravel  bed,  the  kaolin  may  reasonably  be  expected  to  outcrop  on 
the  hillsides.  In  broad  and  flat-topped  hills,  with  kaolin  outcropping 
around  the  margins,  prospecting  may  be  done  by  boring  with  testing 
augers  on  the  hilltop.  If  the  boring  is  in  a  depression  it  will  not  be 
necessary  to  bore  through  so  great  a  thickness. 

There  is  a  very  widespread  and  a  very  erroneous  impression  among 
a  certain  class  of  miners  that  mineral  deposits  grow  thicker  and  better 
as  one  goes  deeper.  In  the  case  of  this  kaolin,  other  things  remaining 
the  same,  the  material  will  improve  as  the  cover  thickens,  but  this  is 
simply  because  the  thicker  cover  prevents  the  infiltration  of  iron  into 
the  kaolin.  Whether  the  beds  thicken  or  not  can  not  be  predicted, 
but  in  view  of  the  sedimentary  origin  of  the  deposit  it  is  reasonable 
to  suppose  that  they  will  not  vary  greatly  in  thickness. 

In  the  SW.  J  NE.  1  sec.  24,  T.  9  S.,  R.  24  W.,  a  bed  of  kaolm  is 
said  to  have  been  discovered  in  digging  a  grave  about  the  year  1874. 
This  point  is  said  to  be  on  the  top  of  a  sandy  hill  or  bench  about  30 
feet  above  the  ''bottoms''  of  Little  Missouri  River. 

POINSETT  COUNTY. 

GENERAL  GEOLOGY. 

The  topography  of  Poinsett  County  is  very  similar  to  that  of 
Cross  County  on  the  south  and  Craighead  on  the  north.  The  eastern 
half  of  the  county  is  a  low,  flat  country,  which  is  traversed  by  St. 
Francis  River.  A  large  area  in  the  northeastern  part  is  covered  by 
shallow  lakes,  which  were  caused  by  the  general  sinking  of  the  land 
during  the  earthquake  period  of  1811-12.  Crowleys  Ridge  extends 
across  the  county  in  a  north-south  direction  just  west  of  the  center. 
The  country  west  of  the  ridge  is  a  flat  slash  land  sloping  to  the  south 
and  west.  The  elevations  along  the  St.  Louis,  Iron  Mountain  and 
Southwestern  Railway,  in  the  western  part  of  the  county,  arc  from 
7  to  24  feet  higher  than  corresponding  points  in  the  same  latitude 
along  the  St.  Louis  and  San  Francisco  Railroad  in  the  eastern  part 
of  the  county. 

The  Tertiary  sands  and  clays  outcrop  in  deep  ravines  and  in  roads 
along  the  sides  of  Crowleys  Ridge,  in  the  vicinity  of  Harrisburg, 
and  doubtless  at  other  places  on  the  east  side  of  the  ridge.  The  top 
of  the  ridge  at  Harrisburg  is  107  feet  (barometric  reading)  above  the 
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elevation  of  the  town  at  the  foot  of  the  ridge.     The  following  is  a 
section  of  tlie  hill  along  the  road  leading  east  from  the  town: 

Section  of  Crowhys  Ridqe  at  riarrishurg. 

Feet. 

Yellow  clay  ((-olumhia)  on  lop  of  ridge 30 

Stratilieil  sand,  variegpited  in  color,  interlKHlde<l  with  gray  joint 

plastic  clay 65 

Unexposed  detritus  to  loot  of  hill 12 

A  record  of  one  of  the  wells  in  the  town  at  the  foot  of  the  ridgo 
gives  the  following  section: 

Scctum  of  well  in  town  of  Ilarruhurg. 

Feet. 

Red  to  yellow-clay,  with  some  gravel 40 

Hliie  gumbo  clay  free  from  sand,  with  small  vein  of  water  oh  top. .  25 

Very  fine  red  dry  vsand ,  which  caves  badly 40 

Dark-blue  or  slate-colored  sandy  clay,  containing  small  fragments 

of  leaves,  shells,  and  rotten  w(kxI  ;  gives  b  a<l  cnlor  to  water 50 

Blue  sand,  water  bearing 30 

CLAY  DEPOSITS. 

The  surface  clay,  which  is  40  to  50  feet  thick  at  foot  of  the  ridge 
at  Ilarrishurg,  is  only  about  10  feet  thick  at  L'Anguille  River,  4 
miles  west  of  town.  It  changes  from  a  reddish  yellow  at  the  foot 
of  the  ridge  to  white  at  L'Anguille  River.  In  places  it  forms  buck- 
shot soil. 

The  surface  yellow  clay  on  the  top  and  sides  of  the  ridge,  and 
also  the  surface  clay  in  the  lowlands  as  far  west  of  L'Anguille  River, 
an*  well  suited  to  the  manufacture  of  common  wet  or  stift-mud  and 
dry-j)ressed  bricks.  The  blue  Tertiary  clay  that  outcrops  well  up 
on  the  side  of  the  ridge  woidd,  with  proper  manipulation,  doubtless 
make  an  excellent  face  brick.  The  following  analyses  are  made 
from  brick  clay  at  Ilarrishurg,  Poinsett  County: 

Analysis  of  brick  earth  from  the  surface,  Ifarrisburg. 
[Dried  at  ll()''-lir)°  ('.     Hnurkett  <t  Sinlth.  analysts.] 

Silica  (SiOa) 81.79 

Alumina  (Al.Pg) 9. 37 

Iron  oxide  (  Fe-^Og ) 4. 03 

Manganese;  (MnO ) Trace. 

Linio  ( (  aO) 31 

Magnesia  (MgO j 38 

Potash  ( K./))  ( ])y  clil'fonMicc ) 86 

r.oss  on  ignitifm 3.26 

100.00 

Air-(lrio(l  sand  in  air-dried  clay 30. 92 
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Brick  earth  at  depth  of  4  feet ,  Harrisburg. 

[Dried  at  110°-115°  C.    Brackett  A  Smith,  analysts.] 

Silica  (SiOa) 81.37 

Alumina  ( AI2O3) 8. 52 

Iron(Fo203) 2.88 

Manganese  (MnO) 1 .  01 

Lime(CaO) 44 

Magnesia  (MgO) 50 

^«i«^^j^f)--l  (by  difference) 2.40 

SodarNajO)...)  ^  ^ 

Jjoas  on  ignition 2. 88 

100.00 
Air-dried  sand  in  air-dried  clay 28. 08 

Analysis  of  clay  from  an  old  clay  pit  at  Uarrisbnrg  in  sec.  f5,  T.  It  N.,  R.  S  E. 

[Sample  dried  at  110**-115**  V.    R.  N.  Brackett,  analyst.] 

Silica  (SiOj)  (free  and  combined) 75. 93 

Alumina  (AI2O3) 11. 05 

Iron  oxide  (FegOa) 6. 10 

Lime(CaO) 67 

Magnesia  (MgO) 76 

Potash  (K2O) 72 

Soda(Na20) 63 

Phosphoric  acid  (P2O5) :  .         .20 

Loss  on  ignition 4. 56 

100.62 
Air-dried  sand 37.  62 

The  large  amount  of  iron  oxide  and  small  amount  of  lime  will  give 
a  deep  red  colored  product. 

The  following  analysis  was  made  from  the  loess  brick  clay  which 
came  from  the  top  of  Crowleys  Ridge,  a  short  (Hstance  north  of 
Spencer  Creek,  in  Poinsett  County : 

Analysis  of  loess  from  Crowleys  Ridge  north  of  Speru-er  Creek. 
[Dried  at  110°-115°  C.     Brackett  &  Smith,  analysts.] 

Saica  (SiOg) 85. 83 

Alumina  (AI2O3) 7. 50 

Ferric  oxide  (FcaOg) 2.  66 

Manganese  (MnO) Trace. 

Lime(CaO) 32 

Magnesia  (MgO) 35 

Alkalies  (by  difference) 1 .  16 

Loss  on  ignition 2. 18 

100.00 
Air-dried  sand  in  air-dried  soil 64.  80 

There  is  a  striking  similarity  in  the  appearance  of  surface  clay  on 
top  of  Crowleys  Ridg(»  at  vSj)encor  Creek  and  \\\o  ^^e\V^^\  0^*^^  >iXv^\. 
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()c<upies  the  surfiwr  of  tlie  country  l)ctweoii  Crowleys  Ridge  and 
L'Antjjuille  Rivor,  west  of  llarrisburj^.  The  similarity  is  made  more 
(evident  by  coniparinji:  the  analysis  of  the  loess  above  given  and  the 
one  following. 

.l/</i///.Hi"x  o/iipfur  layer  of  the  ''hurkahnt  hintV  fmm  Ifarrinlmrg^  iter.  ;i?.5,  T.  It  N.,  H.SK 

IK.  N.  BrmkHtt.  nimlyst.J 

Silira  ^SiO.) 87. 50 

Alumina  {\U\) 6. 10 

Inm  oxi<l<'  (Ft'.( )») 2. 69 

Lime  (( 'a( ) ) 63 

Magnesia  (Mg( )  > 36 

Potarth  (K...0) 38 

Soda  (Xa.,()) 65 

Ph(Ksphori<!  acid  (P.O.,) 13 

T^MW  on  i^^nition 1.95 

100.49 

A ir-(lri<'(l  sand 77. 48 

CLAY  INDUSTRY. 

Common  wet-mud  bricks  are  made  by  W.  P.  Lancaster  and 
J.  B.  Iluey  at  Ilarrisbur^.  The  product  is  made  from  the  reworked 
Columbia  or  loess,  which  is  8  feet  thick.  The  clay  is  tempered  in 
soak  pits,  molded  by  horsepower  machinery,  dried  on  pallet  and  racks, 
and  ])urned  in  up-draft  scove  kilns.  The  plant  has  a  capacity  of  8,000 
])ricks  a  day.  Five  to  six  days  are  required  for  drying,  and  ten  to 
tw(»lve  days  for  burninjr.  The  jjr(»en  bricks  can  not  be  taken  from 
the  molds  and  placed  in  the  sun  immediately. 

POPE  COUNTY. 

GENERAL  GEOLOGY. 

A  part  of  Pope  County  and  all  of  the  other  counties  farther  west 
al()n<^  Arkansas  River  lie  within  the  area  of  the  Carboniferous  coal- 
b(»arin<i:  rocks.  The  c()al-])earin<>:  rocks  in  these  counties  do  not  differ 
<:rcatly  from  those  in  (\)nway,  Faidkner,  White,  and  Pulaski  counties 
farther  east,  where  coal  is  not  present,  but  the  presence  of  the  coal 
])C(ls  adds  another  factor  that  must  be  taken  into  account  in  dealing 
with  th(»  clays  and  clay  industries. 

The  c()al-])earin^  rocks  in  P()j)e  County  and  the  counties  to  the  west 
arc  folded  like  those  of  the  ret^iou  to  the  east  and  southeast;  in  places 
these  folds  are  sharp,  in  others  they  are  j^cMitle.  The  clay  shales  are 
interbedded  with  sandstones  and  with  coal.  As  a  rule  they  are  com- 
pact wh(T<^  they  Hi*  und(T  other  beds,  but  where  they  have  been 
exposed  for  a  lonj:  time  to  the  weather  they  become  soft  and  plastic. 
In  color  they  vary  from  almost  black  throujich  various  shades  of"gray» 
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and  weathering,  become  gray,  yellow,  or  red.  Among  these  clay 
shales  that  are  associated  with  the  coal  seams  the  refractory  clays  are 
found. 

In  Pope  County  the  sandstones  usually  cap  hills  or  form  ridges, 
just  as  they  do  in  the  counties  farther  east  and  south,  while  the  shales 
as  a  rule  underiie  the  valleys. 

The  sandstone  ledge  that  forms  the  abrupt  edge  of  Carrion  Crow 
Mountain  from  Atkins  to  Galla  Creek  is  widespread  in  western  Arkan- 
sas, and  was  called  by  the  Arkansas  Geological  Survey  the  Hartshome 
sandstone,  from  Norristown  Ridge,  southwest  of  Russellville.  This 
bed  passes  around  the  north  side  of  Carrion  Crow  Mountain  and 
forms  the  low  hills  from  2  to  4  miles  north  of  Russellville.  It  also 
forms  the  rim  of  Tucker  Mountain,  from  4  to  8  miles  north  of  Russell- 
ville, and  crosses  Illinois  Creek  to  form  the  escarpments  of  Illinois 
Ridge,  west  of  that  stream.  South  of  Tucker  Mountain  the  rocks 
are  bent  into  a  trough  or  synclinal  fold,  and  the  Hartshorne  sandstone 
bed  is.  tipped  up  on  edge  to  form  Ouita  Ridge. 

The  same  bed  of  sandstone,  after  passing  southward  beneath  the 
Ouita  coal  basin,  comes  to  the  surface  again  to  form  Norristown 
Mountfiin  and  Dardanelle  Ridge  and  also  Reeds  Ridge,  northeast  of 
the  ferry  at  Dardanelle.  Special  attention  is  called  to  this  particular 
bed  of  sandstone  because  it  furnishes  the  key  to  the  structural  geology 
of  Pope  County. 

No  workable  coal  is  known  in  Pope  County  below  the  Hartshorne 
sandstone,  though  there  is  a  bed  18  inches  thick  below  it  in  Carrion 
Crow  Mountain.  The  coal  of  the  Ouita  basin  and  that  of  the  Shinn 
mines,  south  of  Russellville,  overlie  it.  If  the  Ouita  bed  existed  about 
Carrion  Crow  Mountain  it  would  be  on  top  of  the  mountain,  not  on 
its  flank.  The  Ouita  coal  bed  Hes  south  of  Ouita  Ridge  because  the 
sandstone  dips  southward,  forming  a  basin  or  trough  whose  southern 
edge  is  Dardanelle  Ridge.  The  Shinn  mines  He  north  of  Reeds  Ridge 
because  the  sandstone  of  that  ridge  dips  northward. 

Important  beds  of  shale  and  fire  clay  lie  both  above  and  below  the 
Norristown  sandstone.  The  shale  above  the  Hartshorne  sandstone 
has  been  called  the  Spadra  shale,  because  it  occurs  typically  at  the 
Spadra  coal  mines.  The  Ouita  coal  bed  at  those  mines  and  the  same 
bed  at  the  Shinn  mines  is  in  the  Spadra  shale,  near  its  base.  Tlie 
Spadra  shale  is  mostly  a  day  shale,  though  it  is  usually  more  sandy 
toward  the  top,  and  varies  in  thickness  from  100  to  500  feet.  The 
shales  on  the  top  of  Carrion  Crow  Mountain  belong  to  this  set  of  beds. 
They  everywhere  accompany  the  Ouita  coal  bed  and  dip  as  the  coal 
dips.  Starting  at  Ilhnois  Creek  in  sec.  29,  T.  8  X.,  R.  20  W.,  these 
shales  cover  the  whole  area  lying  between  Ouita  Ridge  and  Dardanelle 
Ridge  and  west  of  Norristown  Mountain.     Below  the  Ouita  coal  bed — 
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that  is,  botwoon  the  coal  and  tlie  1  Iart»lionio  sandstone — ^lie  3  to  5 
f(MM  of  fire  rhiy  and  shalo. 

Below  the  Ilartshorne  sandstone  there  is  a  thick  deposit  of  shale. 
The  relations  of  this  1m»<1  to  the  Ilartshonio  sandstone  are  well  shown 
in  the  following  section  of  (\irrion  Crow  Mountain  just  north  of  Atkins: 

Strtion  of  Carrion  Crotv  Mountain. 

Ft.  in. 

llartt^horiH"  suridstoiir 45-180 

Shale •. 180-190 

Coal 18 

Shale l()0-200 

This  shale  can  he  traced  throuj^hout  Pojk^  County,  in  which  it 
evei-;v^vhere  underli(\s  the  Ilartshorne  sandstone.  It  lies  .along  the 
uj)i)er  flank  of  Carrion  Crow  Mountain  and  of  Tucker  Mountain. 
Where  Mill  Creek  cuts  tlirou*>:h  Ouita  Ridge  it  is  well  exposed  below 
the  Ilartshorne  sandstone  to  a  thickness  of  about  300  feet. 

This  shale  is  underlain  ])v  a  sandstone,  and  this  in  turn  by  still 
another  shale.  This  bust  sliale  underlies  the  town  of  Russellville. 
The  overlying  sandstone  does  not  seem  to  exist  in  the  vicinity  of 
Russellville,  or  if  it  does  it  is  thin  and  unimportant.  The  great 
thickness  of  shales  between  the  town  of  Russellville  and  Norristown 
Mountain  therefore  ext(»nds  up  to  the  lap  of  the  Atoka  formation. 
These  shales  probably  have  a  thicjkness  of  200  to  400  feet  in  the 
vicinity  of  Russ(*Ilville.  Tbe^'  form  the  lower  flank  of  Carrion  Crow 
^fountain,  and  the  thin  bed  of  coal  th(*re  exposed  is  in  these  shales. 
They  are  well  <*x posed  on  the  Russellville- Dover  road  just  south  of 
Baker  Creek  and  also  along  the  west  side  of  the  same  road  along  the 
l)ase  of  Tucker  Mountain.  Buck  Mountain,  in  T.  9  Jj.,  R.  19  W.,  is 
iua(kM)f  this  shale,  and  in  that  mountain  it  luis  a  measured  thickness 
of  :Mo  feet.  Inm  Ore  Mountain,  in  T.  8  N.,  It.  18  W.,  is  also  made 
up  principally  of  this  shale. 

CLAY  DEPOSITS. 

Xo  analyses  or  tests  have  y(»t  been  made  of  the  clay  shales  of 
Pope  County.  Where  valuabh*  shales  are  closely  associated  w^ith 
workable  coal  beds,  or  even  with  coal  ])e(ls  which  alone  are  not 
workable,  it  sometimes  ])ecom(\s  economically  possible  to  mine  the 
coal  and  some  of  the  shale  togetlier,  with  a  view  to  utilizing  the  latter. 
Then*  is  no  (h)ubt  that  tliere  are  in  Poj)e  County  enormous  quantities 
of  sliales  available  for  th(»  manufactun*  of  paving  bricks,  sewer  pipe, 
and  iire-clay  goods.  The  occurn^nce  of  such  raw  materials  in  con- 
nection with  abundant,  exc(»llent,  and  cheap  coal  and  the  cheap  and 
convenient  traiLsportation  afforded  ])y  Arkansas  River  afford  highly 
favorable  conditions  for  the  building  up  of  important  manufacturing 
industries. 
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Material  suitable  for  brickiiiaking  covei's  a  large  area  around  At- 
kins, extending  from  W.  H.  Murphv^s  old  brickyard  at  the  base  of 
Carrion  Crow  Mountain,  in  the  SW.  }  wSE.  1  sec.  20,  T.  7  N.,  R.  18  W., 
eastward  over  several  sections.  This  material  varies  much  in  depth, 
while  at  some  places  its  continuity  is  broken  by  small  gravel  ridges. 

On  the  line  between  the  SW.  }  NW.  }  sec.  4  and  the  SE.  J  NE.  } 
sec.  5,  T.  7  N.,  R.  18  W.,  and  over  the  greater  portion  of  these  lots, 
there  is  a  fine  light-colored  clay  about  4  feet  thick.  It  is  almost 
white  in  color,  although  there  are  spots  of  brown  here  and  there 
toward  the  eastern  side  of  the  aiva. 

Analysis  of  day  from  sic.  .5,  T.  7  N.,  R.  IS  W. 

[Brackett  &  Smith,  analysts.l 

Silica  (SiOj) 90. 49 

Alumina  (AI2O3) 5. 22 

Ferric  oxide  (Fe.O.O 1-38 

Lime  (CaO) 

Magnesia  (MgO) 

Potash  (KoO) 

Soda  (Na20) 

Loss  on  ignition 3. 12 


Trace. 


10().21 

Fine  sand  specimen M).  53 

Water  at  110°-115°  C 1 .  (iO 

In  the  NE.  i  SE.  }  sec.  26,  T.  7  N.,  K.  19  W.,  there  is  an  area  of 
about  10  acres  containing  a  soft  brown  and  blue  argillaceous  shale, 
showing  an  exposure  of  2  feet  in  the  side  of  a  creek.  These  shales 
are  very  soft  and  can  readily  be  worked  into  a  clay  for  the  manu- 
facture of  fire-clay  goods. 

The  clays  around  Russellville  vaiy  in  color  from  a  yellowish  brown 
to  an  ashen  white,  according  to  the  position  of  the  material  in  the 
bed.  In  general  the  surface  clay  is  darker  than  the  underlying 
material.  This  difference  in  color  varies  in  different  places.  In  sees. 
8  and  9,  T.  7  N.,  K.  20  W.,  the  upper  clay  is  yellowish  brown  and 
varies  in  depth  from  1  foot  on  the  southern  side  of  tliese  sections  to 
3  feet  along  the  bank  of  the  creek  that  flows  north(»astwar(]  past 
Russellville.  The  lower  division  of  this  day  as  expos(Hl  in  i\w  hank 
of  the  creek  is  pale  yellow,  almost  white,  and  contaiiLs  a  gn»at  <pian- 
tity  of  nodules  of  iron. 

This  buckshot  clay  rests  immediately  on  the  dark-blue  argilla- 
ceous shales  of  the  coal-bearing  rocks  and  varies  in  thickness  from  1 
foot  to  5  or  6  feet.  On  the  slight  ridge  immediately  south  of  Russell- 
ville, in  the  NW.  J  sec.  9,  it  is  not  more  tlian  1  foot  thick,  but  in  the 
land  along  the  creek  and  ])etween  the  Little  Rock  and  Fort  Smith 
Railway  and  the  DardancUe  Railway  it  shows  a  thickness  of  6  Uvo.V^ 
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A  sliort  (ILstanco  north  of  RiissoUville  tho  thickness  is  reduced  to  3 
or  4  foot. 

Tn  aroa  this  clay  covei-s  socs.  4,  5,  and  9  and  the  greater  portion  of 
soo.  <S,  T.  7  N.,  R.  20  W.  It  is  also  scattered  through  sees.  10,  11, 
12,  13,  and  14  of  the  same  township  and  range.  At  Galla  Creek 
station  on  the  Little  Rock  and  Fort  Smith  Railway,  in  sec.  19,  T.  7 
N.,  R.  19  W.,  it  appears  as  a  dark-yellow  clay. 

CLAY  INDUSTRY. 

Common  bricks  are  made  by  the  Mena  Brick  Company  at  its  plant 
2  miles  southwest  of  Mena  from  a  thin  bed  of  clay  overlying  the 
shalo.  The  clay  is  partly  residual,  since  it  contains  many  fragments 
of  shale.  The  clay  is  first  run  through  a  Success  crusher,  then 
tlirough  a  pug. mill  of  the  same  make,  and  finally  through  a  stiff-mud 
machine.  About  4,000  bricks  are  made  daily.  The  machine  is  run 
by  a  40-horsepowor  engine.  ITsually  10  men  are  required  to  run  the 
plant — two  men  in  the  pit,  two  feeders  (one  to  temper  the  clay),  one 
saiulor,  two  ofT-boarors,  and  two  tnickers.  About  one-half  of  the 
time  is  employed  in  molding  and  ono-half  in  burning. 

Another  plant  l)elonging  to  the  same  company  is  located  li  miles 
from  Mena,  but  it  will  probably  be  sold  and  removed  to  De  Queen. 

There  is  a  brick  plant  at  Russellvillo,  known  as  the  Russellville 
brick  works,  but  nothing  further  is  known  concerning  it. 

Tlioro  is  a  small  brick  plant  at  Atkins,  with  a  capacity  of  5,000  to 
(),0()0  a  clay.  The  bricks  are  made  by  hand  and  burned  in  common 
sc()V(»  kilns.  It  requires  from  two  to  five  days  for  drying  and  ten  to 
twelve  days  for  burning.  The  bricks  are  made  from  the  residual 
cliiy  of  the  Paleozoic  rocks.  The  size  of  the  molds  is  9  by  4  bj'  2 J 
inches:  when  burned  the  bricjks  measure  SJ  by  8 J  by  2 J  inches. 

PRAIKIE   COUNTY. 

GENERAL  GEOLOGY. 

The  southern  Imlf  of  Prairie  County  lying  west  of  White  River  is 
level  prairie  land.  Th<»  {)art  that  lies  north  of  township  2,  with  the 
(exception  of  a  small  aroa  around  Dosarc,  is  chiefiy  wooded  "slash 
land."  The  soil  of  tlio  countiy  (»ast  of  White  River  is  entirely  allu- 
vial, and  the  surface*  stands  but  a  few  foot  above  the  low-water  mark 
in  White  Hiv(M-. 

Throujrhout  the  county  White  River  has  fonued  a  bluff  of  varying 
hoij^ht  al(m<^  its  west  bank.  At  Dovall  Bluff  the  level  of  the  prairie 
land  west  of  the  river  is  2.1  to  40  f(»ot  higher  than  the  high-water 
mark  in  i\w  river.  The  elevation  of  tlio  depot  at  Dovall  BlufT  is  186 
foot,  or  about  7  foot  lower  than  the  depot  at  Helena. 
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The  strata  west  of  White  River  are  of  late  Quaternary  age.  The 
surface  material  of  the  prairie  land  is  a  reddish  clay  loam  or  gray 
buckshot  clay.  On  the  higher  ridges,  where  water  does  not  stand 
for  any  great  period,  the  surface  clay  and  subsoil  is  a  red  clay  very 
similar  to  the  second-bottom  or  terrace  clays  along  the  west  side  of 
Crowleys  Ridge  in  Lee  and  Philhps  counties.  In  the  low  slash  lands, 
which  are  covered  with  water  for  several  months  during  the  year,  the 
surface  clay  was  doubtless  originally  the  same  kind  of  material  as 
that  on  the  prairie  lands.  But  the  iron  oxide  of  the  prairie  soUs  has 
been  segregated  into  small  hmonitic  concretions,  which  have  received 
the  local  name  of  buckshot.  The  soils  of  the  slash  lands  are  there- 
fore more  or  less  leached  and  have  a  white  to  grayish  color. 

The  character  of  the  strata  found  in  wells  and  in  the  bluif  at  Devall 
Bluff  is  shown  in  the  following  sections: 

Section  of  bluff  at  Devall  Bluff. 

Feet. 

Yellow  clay  loam,  in  places  buckshoty 10 

Stratified  reddish  sand,  very  fine  grained 8 

Red  plastic  clay  to  bottom  of  gully 3 

The  yellow  surface  clay  is  used  here  for  making  brick.  In  the 
prairie  land  at  ToUville,  6  miles  southwest  of  Devall  Bluff,  the  follow- 
ing well  record  was  obtained : 

Record  of  well  at  ToUville. 

Feet. 

Yellow  clay 3 

Hardpan,  gray  clay T 10 

Reddish  clay  gradihg  into  a  gray  sand 20 

Very  fine  quicksand,  supplying  water 10 

Red  clay m 50 

Soft  gray  clay 4 

Gravel  and  sand;  source  ot  water (?) 

Over  much  of  the  prairie  region  there  are  numerous  small  spheroidal 
moimds  which  are  rarely  more  than  2  feet  high  and  50  feet  across  the 
base.  They  are  different  from  the  larger  mounds  of  undoubted  human 
origin.  The  origin  of  these  mounds  has  been  a  great  mystery  to  all 
those  who  have  studied  them.  By  some  they  are  thought  to  have 
been  built  by  Indians,  others  have  considered  them  to  have  been  built 
by  ants,  and  still  others  have  attributed  their  origin  to  natural 
•agencies,  as  winds  and  waves. 

CLAY  INDUSTRY. 

Common  building  bricks  are  made  at  Devall  Bluff.     The  Devall 
Bluff  Brick  and  Tile  Company  manufactures  a  stiff-mud  side-cut  brick. 
The  bricks  are  made  from  the  red  surface  clay.     They  will  check  when 
48136— Bull.  351—08 11 
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dried  too  rapidly,  and  therefore  have  to  be  dried  in  covered  sheds. 
The  bricks  are  burned  with  wood  in  up-<iraft  kilns.  The  capacity  is 
5,000  bricks  a  day.  The  output  of  bricks  is  largely  governed  by  the 
local  demand.  They  can  not  compete  with  bricks  made  at  Little 
Rock,  where  convict  labor  is  used  in  the  yards. 

PULASKI   COUNTY. 

GENERAL  GEOLOGY. 

The  northwestern  edge  of  the  Tertiary  beds  crosses  Pulaski  County 
2  or  3  miles  northwest  of  the  Iron  Mountain  Railway  and  keeps  about 
parallel  with  it  from  Little  Rock  toward  the  southwest.  Northwest 
of  this  Tertiarj"  margin  the  rocks  of  the  county  are  much  folded,  and 
are  either  Silurian  or  Carboniferous,  while  toward  the  south  and  east 
they  are  nearly  horizontal  and  are  Tertiary  and  Quaternary.  The 
granites  or  syenites  of  the  F'ourche  Mountain  region  are  of  earlier  age 
than  the  Tertiarj'  sediments  to  the  south  and  east.  They  furnish  the 
kaolins  of  Pulaski  County,  and  have  also  j)robably  been  the  source  of 
much  of  the  valuable  clays  of  this  and  of  adjoining  counties. 

CLAY  DEPOSITS. 
DISTRIBITTION. 

But  little  is  known  of  the  details  of  the  distribution  of  the  clays  in 
the  extreme  southern  part  of  the  county."  South  of  the  Fourchc 
Mountain  region  the  land  is  low  and  flat,  and  it  is  to  be  expected  that 
ordinary  brick  clays  are  spread  over  that  j)art  of  the  county  in  great 
abundance.  In  the  immediate  vicinity  of  Foiu*che  Moimtain  there  is 
much  i)isontic  kaolin. 

Pulaski  County  clays  arc  best  exhibited  in  the  southwestern  part  of 
the  city  of  Little  Rock,  and  extend  thence  southwestward  to  the  town 
of  Alexander,  on  the  Iron  Mountain  Railway  and  on  the  county  line. 
Anywhere  along  this  Tertiary  margin  a  section  drawn  from  the  Pale- 
ozoic region  on  the  northwest  toward  the  southeast  would  show 
aj)])roximately  the  same  geologic  structure. 

FOURCHE  -MOIXTAIN    DISTRICT. 

The  feldspathic  rocks  of  Pulaski  County  cover  a  total  area  of  8  or  9 
scjuare  miles,  all  in  the  vicinity  of  Four(;he  Mountain,  near  Little  Rock.* 
White  clays  are  found  over  this  same  area  at  various  places.  They 
also  occur  in  the  township  next  west,  in  the  vicinity  of  Mabelvale, 
where  no  feldspathic  rocks  are  known  at  the  surface.  The  surface 
exposm^es  are  in  sees.  5  and  9,  T.  1  S.,  R.  12  W.,  and  sees.  2, 10, 11,  and 
12,  T.  1  S.,  R.  13  W. ;  and  clays  have  also  been  foimd  in  wells  in  sees. 
25,  26,  35,  and  36,  T.  1  N.,  R.\2  W. 
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In  the  NE.  I  and  the  NE.  i  NW.  1  sec.  9,  T.  1  S.,  R.  12  W.,  the 
exposures  of  clay  occur  on  the  middle  Pine  Bluff  road  about  a  quarter 
of  a  mile  south  of  the  end  of  the  turnpike.  It  is  exposed  along  both 
sides  of  the  road  for  a  distance  of  about  300  feet,  and  again  in  the  road 
leading  from  the  main  road  to  D.  Rausch's  house  for  about  250  feet. 
At  these  exposures  the  clay  where  it  is  first  seen  has  a  dark  pearl  color 
and  comes  out  in  angular  blocks  that  are  somewhat  stained  with  iron. 
Nothing  is  known  of  the  depth  or  extent  of  this  material,  but  it  is 
probable  that  it  will  be  foimd  clearer  of  iron  stain  at  no  great  distance 
below  the  surface,  for  the  iron  that  coats  many  of  the  blocks  has 
been  washed  into  the  crevices  from  the  overlying  surface  sands. 
Small  surface  fragments  seem  to  show  that  it  extends  to  the  middle 
of  sec.  8,  the  section  next  west  of  that  in  which  these  exposures  occur, 
and  also  into  sec.  10  on  the  east.  In  the  NW.  J  NW.  J  sec.  8  it  is 
said  to  have  been  cut  in  a  well  at  a  depth  of  14  feet.  About  100  feet 
north  of  D.  Rausch's  house  clay  mingled  with  syenite  bowlders  is 
exposed  at  the  surface.  A  light-gray  clay  is  also  reported  from  the 
W.  i  NW.  J  sec.  15,  T.  1  S.,  R.  12  W.,  but  the  locality  has  not  been 
examined. 

A  well  in  the  NW.  J  NE.  J  sec.  2  of  this  township  is  said  to  have 
penetrated  white  clay  at  a  depth  of  27  feet.  A  small  exposure  is  also 
reported  at  the  corner  between  sees.  3,  4,  9,  and  10.  Mr.  E.  C. 
Buchanan  reports  an  outcrop  in  the  SW.  J  SE.  J  sec.  3,  T.  2  S., 
R.  13  W.,  similar  to  that  found  in  sec.  9.  Samples  of  this  kaolin  from 
the  road  near  the  middle  of  sec.  9  were  analyzed  and  subjected  to 
various  practical  tests  in  order  to  determine  its  availability  as  a 
china  cFay. 

Analysis  of  Pulaski  County  kaolinite  from  sec.  9,  T.  1  /S.,  R.  12  W. 

Silica  (SiOa) 46.  27 

Alumina  (AljOg) 38. 57 

Iron  (ferric)  oxide  (FeaOg ) •. 1. 36 

Lime  (CaO) 34 

Magnesia  (MgO) 25 

Potash  (K2O) 23 

Soda  (NajO) 37 

Water 13.61 

101.00 
Water  at  110^-115°  C 1. 57 

It  will  be  seen  that  the  percentage  of  iron  in  this  clay  is  rather  high. 
Samples  were  tested  by  practical  potters  at  Trenton,  N.  J.,  with  the 
following  results :  The  body  of  the  crude  clay  burns  a  beautiful  white, 
but  a  great  number  of  rusty  brown  specks  are  scattered  over  this  white 
groimd,  the  largest  of  them  one-sixteenth  of  an  inch  in  diameter. 
This  clay  cracks  in  firing,  but  not  enough  to  prevent  its  use  for  fine 
pottery  if  it  were  available  in  other  respects.     The  vcotl  '\ti  nJcsss*  Oia.^^ 
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seemed  at  first  to  offer  a  serious  impediment  to  its  availability,  but 
some  of  the  material  was  ground  and  thoroughly  mixed  and  made  into 
a  paste  and  tested  by  firing.  The  samples  came  from  the  furnace  in  a 
much  better  condition  than  the  crude  clay — that  is,  it  was  free  from 
the  rusty  brown  specks — but  the  iron  had  only  been  evenly  distributed 
through  the  mass,  and  the  result  was  that  the  sample  came  out  with 
an  ivory  color  instead  of  pure  white.  It  takes  the  glaze  well  and  is 
regarded  by  the  potters  as  available  for  such  wares  as  do  not  require  a 
pure  white  body. 

The  clay  at  this  locality  (middle  of  sec.  9)  as  it  comes  from  the 
ground  is  not  plastic,  nor  is  it  soft  enough  to  admit  of  its  being  taken 
out  with  a  spade  or  shovel,  but  it  is  so  hard  as  to  require  crushing.  It 
conies  out  in  angular  blocks  of  various  sizes;  it  is  readily  cut  with  a 
pick  and  has  an  earthy  fracture.  It  is  at  first  of  a  dark-pearl  color, 
but  upon  drying  takes  on  a  cream  color.  The  blocks  from  near  the 
surface  are  covered  with  more  or  less  iron  stain,  but  this  coating  is 
readily  removed,  and  it  probably  does  not  extend  to  any  considerable 
depth. 

Wells  dug  in  sees.  25  and  26  and  35  and  36,  T.  1  N.,  R.  12  W.,  dis- 
close the  existence  of  clay  at  various  depths.  At  a  small  stream  in 
the  orchard  near  William  Tarpley's  house,  in  the  NW.  J  NW.  J  sec.  36, 
a  well  16  feet  deep  shows  the  following  section: 

SexUwn  in  well  in  sec.  36,  T.  1  N„  R.  12  W, 

Pt.    In. 

Gravel  and  sand 5 

Iron  ore 2\ 

Joint  clay 3  . 

Kaolinite 8 

Syenite  (?)  at  bottom. 

16    2\ 

In  another  well,  18  feet  deep,  on  the  top  of  the  hill  north  of  the 
well  just  mentioned,  in  the  same  orchard  and  nearer  the  house,  no 
clay  was  found.     The  following  is  a  section  of  this  well: 

Section  in  well  near  William  Tarpley^s  house,  in  sec.  36,  T.  1  N.j  R.  It  W. 

Feet. 

Waterworn  pebbles 6 

Joint  clay 8 

Sandstone ." 4 

Syenite  at  bottom. 

18 

These  two  wells  are  not  more  than  200  feet  apart  and  the  difference 
of  elevation  between  their  moutlis  is  about  30  feet.  It  is  evident 
tliat  these  clay  beds  are  irregular  in  shape  and  thickness. 

The  clay  found  in  Mr.  Tarpley's  well  is  very  soft  and  almost  milk 
white  in  color.     Small  patches  of  iron  stain  appear  in  places^ 


PULASKI    COUNTY.  165 

The  following  is  an  analysis  of  this  clay:** 

Analysis  of  clay  from  Tarpley^s  \relL 

Smca(SiOa) 45.28 

Alumina  (AI2O3) 37. 39 

Iron  (ferric)  oxide  (Fe^Oa) 1. 71 

Lime(CaO) 1.83 

Magnesia  (MgO) 29 

Phosphoric  acid  (P2O5) 06 

Water,  after  having  been  dried  at  110°  C 13. 49 

100.05 

In  the  NE.  \  SE.  \  sec.  35,  T.  .1  N.,  R.  12  W.,  on  the  farm  of  J.  M. 
Dickinson,  a  well  48  feet  deep  gives  the  following  section : 

Section  of  well  in  sec.  35,  T.  1  N.,  R.  12  W. 

Thin  gravel  at  top.  Feet. 

Red  clay 10 

White  clay 1 

Yellow  pisolite  (bauxite  ?) 6 

White  clay 25 

48 

Water  was  obtained  before  the  last  body  of  clay  was  passed  through. 
Its  actual  thickness  in  this  well  is,  therefore,  not  known. 

In  Mr.  Dickinson's  yard,  about  100  feet  east  of  this  well,  another 
well  shows  clay  at  23  feet.  In  the  latter  well  the  yellow  pisolite 
appears  at  16  feet  and  the  1-foot  band  of  white  clay  seen  in  the  4S- 
foot  well  is  absent.     The  following  is  a  section  of  this  well: 

Section  in  vrll  (U  house  of  J.  M.  Dickinson. 

Thin  gravel  at  top.  Feet. 

Red  clay 10 

YoUow  pisolite  (bauxite  ?; 0 

Kaolinite  in  bottom 1 

23 

The  difference  in  elevation  of  the  mouths  of  these  two  wells  is  not 
more  than  4  feet.  The  specimens  of  clay  obtained  from  the  48-foot 
well  are  of  grayish-white  color  and  show  iron  stains  on  the  surfa<te. 
There  are  signs  of  clay  at  the  fork  of  the  roads  in  the  XE.  }  se<'.  26, 
but  no  systematic  search  has  been  made  to  ascertain  whether  it 
occurs  in  quantity  or  of  a  quality  that  will  render  it  valuable. 

In  the  neighborhood  of  Sweet  Ilorrie  station,  in  sec.  25,  T,  1  X.,  R. 
12  W.,  several  wells  are  sairl  U)  have  paR«w.d  into  a  white  pipe  clay, 
probably  the  white  clay  friund  in  the  village  half  a  rnile  west  of  the 
station. 


aThis  analjais  wax  vnAdf  hy  Mr,  W.  K.  (rt^v*:un  nnt\*'r  Urn  tUrftiUm  r»r  ftr.  T.  C.  V«.tv  Su^'^,v«*>- 
of  dmnifltiy  nt  th**  T'niv^rr^iiy  ot  IruUtnTm. 
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Those  who  may  seek  for  day  in  the  Fourche  Mountain  district 
should  bear  in  mind  that  it  is  not  likely  to  be  found  on  the  hilltops, 
but  rather  in  the  lower  g^rounds,  where  the  rocks  are  kept  constantly 
saturated  with  the  acid  waters  by  which  decomposition  is  produced. 
It  is  surmised  that  places  favorable  to  the  formation  of  clay  beds  may 
be  found  in  the  northern  part  of  sec.  3,  T.  1  S.,  R.  12  W. 

It  should  be  added  that  at  several  places  the  lower  portions  of  the 
bauxite  beds  of  Pulaski  (\)unty  grade  into  clays. 

MABEL  VALE    DISTRICT. 

The  Mabelvale  district  Hes  about  halfway  between  the  Fourche 
Moimtain  district,  south  of  Little  Rock,  and  the  Saline  County  dis- 
trict. No  feldspathic  rocks  have  been  observed  in  the  immediate 
neighborhood  of  Mabelvale,  but  a  band  connecting  the  Fourche 
Mountain  and  the  Saline  County  areas  would  embrace  Mabelvale. 
This  fact  and  the  existence  of  bauxite  seem  to  suggest  the  probability 
that  syenites  exist  not  far  beneath  the  surface  in  the  vicinity  of 
Mabelvale.  The  clays  in  this  district  are  all  more  or  less  pisolitic, 
and  are  believed  to  be  simply  the  kaolin  varieties  of  bauxite.  Their 
chemical  composition,  however,  seems  to  suggest  the  possibility  that 
some  of  them  may  be  available  as  china  clays. 

On  the  middle  of  the  east  side  of  the  NW.  {  sec.  10,  T.  1  S.,  R.  13 
W.,  about  150  yards  south  of  the  west  end  of  the  railway  siding  at 
Mabelvale  stati(m,  cm  the  St.  Louis,  Ir<m  Mountain  and  Southern 
Railway,  there  is  a  deposit  of  bauxite  which  merges  into  pisolitic  clay, 
the  two  covering  about  25  acres.  The  material  outcrops  at  many 
points,  but  it  is  concealed  for  the  most  part  by  a  thin  covering  of  sand 
and  pebbles  and  nodules  of  sandy  limonite.  The  covering  becomes 
gradually  more  abundant  toward  the  higher  ground  and  thins  out  on 
the  margins  of  the  knolls.  But  little  is  known  of  the  actual  area 
covered  by  the  clay.  A  well  said  to  have  been  dug  92  feet  deep  at 
the  house  of  J.  W.  Hopkins,  within  300  feet  of  the  western  outcrop, 
is  reported  to  have  penetrated  8  fe^t  of  soil  and  then  "soapstone," 
or  gray  clay,  all  the  rest  of  the  way. 

The  following  analysis  shows  the  character  of  the  clay  from  the 
Mabelvale  locality: 

Atmhfsis  of  plsolilic  clmj  from  SK.  \  XW.  \  m-.  JO,  T.  1  S.,  R,  13  W. 

[linu'ki'tt  tV:  Smitli.  Jinjilysts.] 

Silica  (SiO.-.) 45. 20 

Alvimina  ( AloOg) 37.  60 

Iron  (ferric)  oxide  i  VqS ),^) 3. 00 

Lime  ((  uO) g9 

Mafj:nepia  (Mg< )  i Trace. 
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Potash  (KjO) .     0.06 

SodaCNaoO) 69 

Water  (loss  on  ignition) 13. 54 

100.98 

Very  fine  sand 25 

Water  at  110°-I15°  ( 62 

This  contains  a  large  amount  of  iron,  but  it  is  probable  that  mate- 
rial found  at  greater  depth  will  contain  less  iron  than  that  nearer 
the  surface. 

White  pisoUtic  clay  is  also  exposed  in  the  NE.  J  NE.  \  sec.  10,  less 
than  half  a  mile  southeast  of  the  railway  station.  This  material 
crops  out  in  the  road.  Just  south  of  the  road,  about  15  paces  from 
it,  a  well  was  at  one  time  put  down,  and  the  following  is  reported 
as  the  section  passed  through: 

Section  in  well  in  sec.  10,  T.  ]  S.,  R.  IS  W. 

Feet. 

Yellow  clay  soil  (dug) 3 

Pisolitic  clay  (dug) 14 

Pisolitic  clay  (bore<l) 14 

31 

The  clay  was  not  penetrated  at  this  depth,  so  that  its  total  thick- 
ness is  not  known.  This  well  record  is  also  said  to  bear  out  the  sug- 
gestion that  the  clay  becomes  softer  and  cleaner  as  the  depth  increases. 
The  extent  of  this  deposit  is  not  known,  but  it  probably  does  not 
exceed  5  acres. 

The  analysis  given  below  shows  that  this  material  contains  less 
iron  than  the  sample  taken  near  Mr.  Hopkins's  place,  in  the  same 
section. 

Analysis  of  pUolitic  clay,  XK.  \  NE.  \  sec  U),  T.  J  S.,  R.  IS  W. 

Silica  (SiOz) 48. 05 

Alumina  (Al/)3; 38.  92 

Iron  (ferric)  oxide  ( Fe.ji ).,) 1.19 

Lime  (CaO) 58 

Magnesia  (MgO) 45 

Potash  (K.p) 18 

Soda  (NaoO) 28    • 

Water  (loss  on  ij^nitioii) 10.  8() 

KM).  51 
Water  lost  at  1 10°-1 1')°  (' 40 

Another  deposit,  which  sliows  in  the  form  of  bauxite  at  the  sur- 
face, but  which  will  probably  be  found  to  contain  a  pisolitic  clay  a 
short  distance  below  the  surface,  occurs  in  the  SW.  }  SE.  \  sec.  2, 
T.  1  S.,  R.  13  W.,  and  nearly  or  quite  on  the  line  between  sees.  2  and 
11,  the  greater  part  of  it  lying  between  tlie  forks  of  the  road  at  this 
point.     The  total  area  covered  b}'  this  deposit  probably  dv.v^'^  wcX, 
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exceed  4  acres.  Where  this  material  is  exposed  at  the  surface  it  is 
pisoHtic,  hard,  and  iron  stained.  A  well  sunk  in  it  showed  that  it 
resembles  the  other  deposits  of  this  region  in  being  softer  and  whiter 
below  the  surface.  The  surface  fragments  have  been  used  somewhat 
for  building  chimneys  and  for  setting  boilers,  to  which  purposes  its 
fireproof  qualities  make  it  well  adapted. 

In  the  SE.  J  SW.  J  sec.  12,  T.  1  S.,  R.  13  W.,  loose  fragments  of 
pisolitic  clay  are  scattered  over  the  surface  and  a  few  small  exposures 
are  visible.  There  are  no  means,  however,  of  knowing  the  nature  or 
extent  of  this  deposit,  but  if  this  kind  of  clay  proves  to  be  valuable 
it  would  be  worth  while  to  prospect  at  this  place. 

The  following  is  the  record  of  a  well  dug  at  Mabelvale,  in  the  NE.  J 
NE.  }  sec.  10,  T.  1  S.,  R.  13  W.,  in  the  yard  of  Mr.  A.  W.  Norris: 

Section  in  veil  at  Mabelvale. 

Feet. 

Yellow  surface  clay 5 

Reddish  clay 1 

Dove-colored  joint  clay  or  "soapstone"  clay  with  occasional  "iron 

pots"  and  some  manganese  streaks 16 

Ferruginous  sandstone . .         2 

Black  clay  in  the  bottom. 

24 

The  dove-colored  clay  of  this  section  is  soft  and  unctuous,  and  is 
popularly  known  as ''soaps tone.**  The  ''iron  pots"  (hollow  masses 
of  iron  ore,  some  a  foot  in  diameter,  resembling  waterwom  cobbles) 
found  in  this  bed  are  so  large  and  so  sparsely  scattered  through 
the  bed  that  they  can  not  seriously  interfere  with  the  use  of  the  clay. 

This  clay  bed  is  probably  widespread  in  the  neighborhood  of 
Mabelvale,  lying  at  or  near  the  surface.  It  was  passed  through  in  dig- 
ging the  well  in  the  public  square  at  Mabelvale.  The  section  of  this 
well  given  below  is  a  sort  of  average  made  up  from  several  reports, 
which  disagree  somewhat  in  minor  details,  but  not  in  any  essentia] 
features. 

Section  of  well  in  public  square  at  }fabelvale. 

Ft.     in. 

Yellow  surface  clay 6 

"  Soapstone  clay  " lQ-15 

Ferruginous  sandstone 2 

Black  clay 10 

Limestone 8 

Black  clay 10 

The  following  analyses  give  the  composition  of  the  "soapstone** 
clay  bed.  No.  1  is  an  average  sani])le  from  the  well  at  Mr.  Norris's 
house.  The  analysis  was  made  by  the  (ieological  Surs^ey  of  Arkansas. 
No.  2  was  sent  for  analysis  by  McCarthy  &  Joyce,  of  Little  Rock,  to 
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Prof.  W.  B.  Potter,  of  St.  Louis.     A  copy  of  the  analysis  was  kindly 
furnished  by  Mr.  Norris. 

Analyses  of  ''soapstone''  clay,  from  well  of  A.  W.  Norris^  NW,  \  NE,  \  sec,  10,  T,  1  S,, 

R.  IS  W. 


8UIca(8iO,) 

Alumina  (AljOs) ' 

Oxide  of  iron  (FetOs) 


Lime  (CaO) . . 
Magnesia  (MgG 
Potash  (KtO). 


Soda  (NatO) . 

Loss  on  ignition  (HsO) . 


Water  lost  at  110°-115°  C. 
No  sand. 


65.27 

60.79 

18.75 

19.73 

7.34 

5.94 

.81 

.37 

1.26 

.72 

1.10 
.81 

}  i.« 

6.88 

10.77 

100,22 

100.25 

9.46 

This  clay  is  convenient  to  transportation  and  well  adapted  to  the 
manufacture  of  paving  bricks,  sewer  pipes,  and  probably  fire  bricks. 
The  beds  are  horizontal,  and  at  points  where  the  surface  is  somewhat 
lower  than  at  Mr.  Norris's.can  be  reached  without  much  stripping. 

The  following  sections  of  wells  in  the  vicinity  of  Mabelvale,  al- 
though evidently  imperfect  and  unsatisfactory,  are  given  for  what 
they  are  worth.     All  references  here  are  to  T.  1  S.,  R.  13  W. 

V.  L.  Cochrane,  in  the  SW.  J  NW.  J  sec.  11,  reports  '^17  feet  of 
fire  clay  and  red  clay.^'  The  so-called  fire  clay  is  possibly  the  same 
as  the  buff  clay  in  Mr.  Norris's  well. 

Mr.  Rowland,  on  the  NW.  }  SW.  J  sec.  11,  reports  '^22  feet  of  fire 
clay  and  red  clay."  This  section  without  doubt  exposes  the  same 
beds  as  does  that  given  by  Mr.  Cochrane  near  the  blacksmith  shop. 

Mr.  Rowland  also  reports,  from  the  SW.  J  NW.  J  sec.  11,  ^'13  feet 
of  fire  clay  and  yellow  clay,  with  from  2  to  4  inches  of  ferruginous 
sandstone  interbedded.'^ 

Mr.  S.  E.  Emerson,  in  the  NE.  i  NE.  }  sec.  11,  reports  the  follow- 
ing well  section : 

Section  of  veil  in  NE,  i  NE.  \  sec.  11,  T.  1  S.,  R.  IS  W. 

Feet. 

Red  clay 3i 

Gray  "fire  clay  and  black  clay  " 20 

Gray  clay 18 

These  gray  clays  and  so-called  fire  clays  are  probably  the  same  as 
the  buff  clays  passed  through  in  Mr.  Norris's  well.  If  this  supposition 
is  correct,  these  sections  show  that  the  buff  clay  is  a  widespread  bed, 
underlying  all  the  higher  grounds  east  and  southeast  of  Mabelvale, 
and  probably  a  much  wider  area  still,  while  it  is  cut  out  in  the  low 
grounds  along  the  streams.  Should  there  be  a  demand  for  these  clays 
they  will  be  found  most  accessible  in  sec.  3  and  on  the  lower  grounds 
about  the  bases  of  the  ridges,  where  they  are  not  obscured  by  a  cov- 
ering of  gravel  and  sand  and  soil. 
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LITTLE   ROCK   DLSTRICT. 
BRICK   CIJlYfl 

The  folded  Paleozoic  rocks  pass  beneat h  the  city  of  Little  Rock,  and 
on  these  folded  beds  rest  the  Tertiary  clays  and  sands  of  the  south- 
western part  of  the  cit3\  It  should  be  observed  also  that  these  Ter- 
tiaiy  beds  are  nearly  horizontal,  that  they  thin  out  towanl  the  north, 
and  that  simihir  beds  underlie  the  regjion  south  of  Fourche  Moun- 
tains. 

At  several  places  in  the  city  of  Little  Rock  the  folded  Paleozoic 
rocks  may  be  seen  standing  almost  on  end.  The  famous  "little  rock" 
itself,  on  which  rests  the  south  end  of  the  railway  bridge  at  the  foot 
of  Main  street,  is  a  fol(k>d  and  wrinkled  Paleozoic  bed. 

Only  a  few  paces  south  of  the  river  bank  these  older  beds  are  not 
exposed,  but  the  surface  is  made  up  of  loose  materials.  One  of  the 
best  sections  seen  near  the  center  of  the  city  was  exposed  when  the 
excavations  were  made  for  the  foundations  of  the  Masonic  Temple, 
on  the  comer  of  Fifth  and  Main  streets,  in  June,  1890.  The  section 
exposed  was  as  follows: 

Section  hi  excavation  for  Masonic  Temple  at  Little  Rock. 

Feet. 

1.  Mottleti  red  clays  with  chort  pebbles,  ])e(*()iiung  more  sandy  at 

the  base 7-9 

2.  Reddish-brown  clayey  sand  with  bn)wn  chert  pe))bles 2-3 

3.  Red,  p*ay,  and  white  mottled  plastic,  sandy  clay  with  afewlai^ge 

and    angular  sandstone  fragments?  at   the   top   of  the  bed 
(ex|K>st»<l ) : 3 

The  upj>or  surface  of  No.  l\  is  irregular,  as  if  it  had  been  eroded 
before  the  ov(^rlying  beds  were  laid  down  uptm  it.  These  are  proba- 
bly the  overwashed  portions  of  the  Tertiary  series,  the  equivalents 
of  which  on  the  Atlantic  seaboard  are  called  the  Appomattox  forma- 
tion. These  rehandled  beds  of  mottled  clays,,  sands,  and  gravels 
are  found  at  the  surface  in  nearly  eveiy  part  of  the  city.  They  are 
well  exposed  in  the  cuts,  even  on  the  top  of  Capitol  Ilill,  in  the  vicinity 
of  the  school  for  the  blind,  and  at  many  other  places.  Below  these 
ci:ravelly  beds  lie  the  undisturbed  Tertiary  strata,  which  in  and  about 
Little  Rock  consist  chiefly  of  limestones,  shales,  or  clays,  and  sands. 

Mr.  C.  E.  Siebenthal,  while  in  the  employ  of  the  Arkansas  Survey, 
collected  many  data  rejjjarding  the  g(*<)lojry  of  southwestern  Little 
Rock.  He  is  of  the  opinion  that  there  are  four  pretty  constant  and 
well-defined  beds  in  the  series  of  sediments  resting  upon  the  Paleozoic 
rocks.  These  are,  l)eginning  at  the  base,  (1)  yellow  calcareous  clay 
or  marl;  (2)  dull  gray  fossiliferous  limestone;  {'.])  soft,  dark  unfossil- 
iferous  shale;  (4)  olive-green  clay,  pi'obably  derived  by  weathering 
from  No.  3.  Above  this  type  section  are  found  various  combinations 
of  sands  and  gravels  and  soil. 
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Of  these  beds  the  ones  of  interest  in  connection  with  the  subject 
of  clays  are  the  shale  bed  (No.  3)  and  the  oHve-green  clay.  The 
green  clay  is  well  exposed  on  the  Seventh  street  pike,  between  West 
Spring  street  and  West  Sherman  street,  where  it  rests  upon  4iptumed 
Paleozoic  rocks,  which  are  exposed  at  this  place.  The  following 
exposures  and  well  records  show  the  depth  of  the  shales  and  clays 
at  various  points  in  the  city: 

Section  in  7).  T.  Coffman's  well,  at  northwest  comer  Eighteenth  and  West  Sherman  streets, 

Little  Rock. 

Feet. 

1.  Soil,  gravels,  and  white  clay 16 

2.  Soft  shale,  yellow  above,  blue  below 14 

West  of  the  railway  the  olive-green  clay  is  exposed  in  the  road  cut 
near  the  Catholic  cemetery,  in  the  gullies  soiith  of  the  cemeterj',  in 
the  gully  west  of  the  hospital,  and  in  another  gully  about  500  feet* 
southwest  of  the  hospital.  It  is  also  exposed  in  the  bed  of  the  oranch 
just  east  of  the  hospital,  and  also  toward  the  top  of  the  ridge  to  the 
east. 

The  following  is  the  record  of  a  well  put  down  west  of  the  railway, 
about  300  feet  northeast  of  the  center  of  the  south  side  of  sec.  8,  T.  1 
N.,  R.  12  W.,  as  reported  by  Mr.  wSiebenthal. 

Section  of  well  in  sec.  S,  T.  1  N.,  R.  12  W. 

-^  Ft.      in. 

Gravel  and  sand 6 

^'Mulatto"  clay 8 

Gray  clay 10 

Yellow  clay 10 

Gravels  and  sandy  clay 8 

East  of  the  railway  near  the  center  of  sec.  16,  T.  1  N.,  R.  12  W., 
there  are  several  exposures  of  the  shale  and  of  the  olive-green  clay. 
On  the  east  slope  of  the  ridge  that  runs  along  the  east  side  of  sec.  16 
this  same  green  clay  is  exposed  here  and  there.  It  is  exposed  also  in 
the  gullies  beside  the  road  leading  southwest  from  the  Arch  street 
pike,  in  the  SW.  }  sec.  15. 

A  well  on  the  east  side  of  the  Arch  street  pike,  200  feet  south  of  the 
northern  edge  of  sec.  15,  passed  through  soil,  gravel,  yeHow  clay,  and 
tough  blue  clay,  and  got  water  at  27  feet  in  gravel.  This  clay  bed  is 
probably  the  same  as  that  exposed  in  the  gully  on  the  slope  of  the  hill 
below,  where  the  road  tunis  southwest  from  the  Arch  street  pike. 

A  well  at  the  southeast  corner  of  Arch  and  Twenty-third  streets 
passed  through  8  feet  of  gravel  and  sandy  chiy  and  10  feet  of  yellow 
and  blue  Tertiarj^  clay.  This  is  doubtless  the  same  l)lue  clay  bed 
again. 

At  the  end  of  the  ridge  east  of  the  Rapley  house  and  north  of  Pet- 
tiler's  brickyard  the  olive-green  clays  are  well  exposed  to  a  thickness 
of  40  to  45  feet.     The  olive-ojreen  chiv  and  dark  sh«Lle>^'^\^  lw5xv\  >kv. 
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wells  and  cisterns  dug  about  (!!umberland,  Rock,  Twentieth,  and 
Twenty-first  streets. 

The  following  records  were  gathered  by  Mr.  Siebenthal: 

A  well  at  Fifteenth  and  May  streets  passed  through  the  Tertiary 
shale. 

A  well  near  the  northwest  comer  of  Thirteenth  and  Jones  streets 
passed  through  10  feet  of  soil  and  gravel  and  18  feet  of  shale. 

A  well  14  feet  deep  at  Fourteenth  and  Marshall  streets  passed 
through  dark  shale  most  of  the  way. 

A  well  at  the  southeast  comer  of  Twenty-seventh  and  Wolfe  streets 
passed  through  10  feet  of  gravel  and  sandy  clay  and  20  feet  of  daA 
Tertiary  shale. 

A  well  on  Mr.  Robert's  place,  Twenty-second  street,  between  Com- 
merce and  Sherman,  passed  through  19  feet  of  soft  Tertiary  shale, 
and  tvi^  other  wells  in  adjoining  lots  to  the  east  penetrated  60  feet 
of  the  same  soft  shale. 

A  well  at  the  comer  of  Sixth  and  College  streets  passed  through 
30  to  35  feet  of  dark  Tertiary  shale. 

A  well  bored  by  the  Cotton  Belt  Railwa}"  Company  on  Rector  ave- 
nue between  Third  and  Fourth  streets  passed  through  the  following: 

Section  in  urll  of  Cotton  Belt  Railway  Company^  Rector  avenue^  Little  Rock, 

Feet. 

Soil 12 

Dark  Tert  iary  shale 20 

Paleozoic  shale 29 

Sand  (?) 6 

A  well  on  Ninth  street  opposite  the  arsenal  is  reported  by  the 
digger  to  have  the  following  secti(m: 

Section  on  Ninth  street  near  the  arsenal.  Little  Rock, 

Feet. 

Soil  and  clay 20 

Tertiary  shale 8 

White  gravel 4 

These  facts  and  othei-s  not  here  given  lead  to  the  belief  that  the 
Tertiar}^  clays  follow  the  brow  of  the  hill  where  the  Arch  street  pike 
descends  the  slope  about  the  middle  of  sec.  15,  encircle  the  narrow 
valley  that  heads  about  the  comer  of  Nineteenth  and  High  streets, 
])ass  around  it,  and  thence  extend  southward  along  the  slope  of  the 
hill  that  runs  ahmg  the  east  side  of  sec.  16,  return  northwestward 
along  the  valley  through  which  the  Iron  Mountain  Railway  passes, 
appear  again  in  the  vicinity  of  the  hosjDital  on  the  west  side  of  the 
railway,  and  thence  around  the  hills  west  of  the  hospital.  Of  course, 
it  is  understood  that  these  beds  are  nearly  horizontal  and  that  they 
pass  right  through  the  hills  mentioned  and  have  their  edges  exposed 
only  on  the  slopes  of  the  ridges.     Almost  everywhere,  however,  the 
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outcrops  are  concealed  by  the  soil  and  surface  materials  that  have 
fallen  down  over  them. 

The  elevation  of  the  outcrop  varies  somewhat,  but  it  lies  for  the 
mos^  part  between  260  feet  and  302  feet  above  sea  level. 

In  and  near  the  city  of  Little  Rock  there  are  only  a  few  places  at 
which  the  clays  can  now  be  worked  advantageously.  This  condition 
is  due  to  the  value  of  the  land  for  building  purposes,  and  not  to  any 
defect  of  the  clays  themselves.  In  spite  of  this  it  is  possible  that 
there  may  be  places  in  the  southwestern  part  of  the  city  where  the 
clays  could  be  worked,  while  the  nearness  to  market  and  to  trans- 
portation would  be  in  favor  of  such  an  enterprise. 

On  the  south  side  of  the  river  there  is  a  brownish-yellow  brick 
earth  similar  to  that  which  forms  the  surface  in  sec.  28,  T.  2  N., 
R.  12  W.,  overlying  the  other  clays  in  different  places  west  and  south 
of  Little  Rock. 

Between  the  high  shaly  hills  on  which  the  asylum  for  the  insane  and 
the  reservoir  of  the  city  waterworks  have  been  erected  and  the  river 
there  is  a  narrow  strip  of  this  same  brownish-yellow  clay.  It  lies  in 
a  long,  narrow  belt  between  the  hills  and  the  bottom  land  of  the  river. 
At  Ward's  (Jd  brickyard  this  brick  loam  rested  directly  upon  a  red 
sand.     The  section  is  as  follows: 

Section  at  Ward's  old  brickyard^  Little  Rock, 

Feet. 

Brick  earth  removed  at  other  places  in  the  same  belt 2 

Stiff,  hard  red  sarid 4 

Light  iron-gray  or  yellowish  sand 5 

Between  the  point  where  the  St.  Louis,  Iron  Mountain  and  Southern 
Railway  crosses  Sixteenth  street  and  the  outcrop  of  the  blue  shales 
and  quartz  ledge  at  Nineteenth  street  a  small  deposit  of  this  brownish- 
yellow  brick  earth  appears  to  have  been  laid  down  in  a  sort  of  pocket 
among  the  shales,  with  its  opening  toward  the  south.  The  yellowish 
loam  here  has  a  depth  of  about  3  feet. 

Another  small  deposit  of  the  same  material  is  found  on  the  comer 
of  Rector  avenue  and  Eighteenth  street.  Here  the  brownish-yellow 
loam  has  a  thickness  of  2  to  3  feet.  It  is  underlain  by  a  bluish  pebbly 
clay,  mixed  with  sand.  A  well  bored  through  this  clay  shows  it  to 
have  a  thickness  of  19  feet.  It  is  underlain  by  sandy  clay.  The 
underlying  sandy  clay  is  seen  in  the  bottom  of  a  small  stream  that 
runs  along  the  south  side  of  the  old  Bragg  brickyard.  The  clay 
covers  only  a  small  area,  most  of  it  lying  between  gravel  ridges. 

On  Arch  street  between  Twenty-fourth  and  Twenty-sixth  streets, 
at  C.  W.  Clark's  old  brickyard,  the  brick  clay  was  about  2  feet  thick 
before  it  was  exhausted,  and  was  underlain  by  a  stiff,  bluish-red^ 
streaked  clay  containing  pebbles,  which  is  said  to  be  underlain  by 
gravel. 
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The  greater  portion  of  a  well  close  to  Clark's  yard,  23  feet  deep, 
passed  through  gravel,  below  which  lay  black  mud.  Another  well,  16 
feet  deep,  does  not  reach  the  black  mud,  but  ends  in  the  gravel. 

JOINT   CLAYS. 

The  next  clay  below  the  brownish-yellow  brick  clay  is  a  stiff,  hard 
clay  having  a  tendency  to  break  into  small  cuboidal  fragments  when 
exposed  to  the  air.  Its  tendency  to  break  is  the  chief  objection  to  its 
use  for  manufacturing  purposes.  Ware  containing  any  of  this  "joint" 
clay,  as  it  is  called,  is  likely  to  break  in  drying. 

This  joint  clay  varies  somewhat  in  different  places  as  regards  color, 
having  a  blue  or  red  tint  according  to  its  position,  but  the  color  has 
no  apparent  effect  on  its  texture  or  its  tendency  to  break  when  exposed 
to  the  drying  action  of  the  atmosphere.  It  appears  to  be  very  per- 
sistent, being  found  in  nearly  every  opening  in  the  district  that  passes 
through  the  upper  beds.  It  is  not  confined  to  the  brownish-yellow 
brick-earth  area,  but  underlies  the  chocolate  clay  and  some  of  the 
gravels. 

In  the  district  north  of  the  river  this  joint  clay  is  red  and  is  seen 
in  the  stream  running  through  the  small  bayou  on  the  north  side  of 
Big  Rock,  where  it  underlies  2  feet  of  chocolate  clay.  In  the  wagon 
road  near  the  Fort  Smith  crossing  of  the  St.  Louis,  Iron  Mountain  and 
Southern  Railway  it  varies  from  3  to  5  feet  in  thickness  and  overlies 
a  red  sandy  clay.  In  Mr.  VestaPs  portions  of  sees.  26  and  27,  T.  2  N., 
R.  12  W.,  it  lies  near  the  surface.  In  the  NE.  J  NE.  J  sec.  17,  T.  2  N., 
R.  11  W.,  the  clay  underlying  the  brownish-yellow  loam  is  very  com- 
pact. 

In  the  NE.  J  NW.  J  sec.  21,  T.  2  N.,  R.  11  W.,  the  clay  underlying 
the  brownish-yellow  loam  is  a  whitish-yellow  and  blue  mixed  sandy 
clay  20  feet  thick  and  rests  upon  12  feet  of  mottled  clay. 

On  the  south  side  of  the  river  a  blue  clay  underlies  the  other  clays 
at  most  places  where  deep  cuttings  have  been  made.  This  clay, 
which  lies  just  below  the  brownish-yellow  surface  clay,  is  a  light-blue 
iron-stained  clay  containing  quantities  of  pebbles  and  sand  and 
nodules  of  Umonite. 

The  underlying  clay  on  the  comer  of  Rector  avenue  and  Eighteenth 
street  is  bluish  gray  and  contains  pebbles.  At  this  place  it  is  19  fe^t 
thick.  It  is  also  seen  in  the  bank  of  a  small  stream  a  short  distance 
south  of  this  place. 

At  C.  Clark's  old  brickyard  the  brick  earth  is  also  underlain  by  tliis 
light-blue  sandy  clay.  This  same  blue  clay  extends  southward  over 
the  ground  formerly  used  as  a  brickyard  on  the  south  side  of  Twenty- 
fifth  street. 

In  the  banks  of  the  small  stream  that  runs  through  the  cemetery 
and  westward  across  the  Sweet  Home  turnpike,  close  to  the  Confeder- 
ate soldiers'  cemetery,  there  is  a  heavy  deposit  of  a  stiff,  red  joint  clay. 
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On  the  Arch  street  turnpike  a  Httle  west  of  the  place  where  the  new 
road  joins  the  turnpike  a  bed  of  bhie  and  red  mottled  joint  clay  is 
exposed  in  a  gully  washed  out  by  the  rain. 

For  practical  purposes  these  joint  clays  are  not  in  much  demand. 
Their  tendency  to  ''joint"  or  break  up  into  small  blocks  whenever 
exposed  to  the  weather  makes  their  use  diflScult  for  any  purpose 
except  with  great  care,  and  even  then  no  reliance  could  be  placed 
upon  them  if  worked  alone. 

If  judiciously  mixed  with  other  clays  they  might  be  used  for  some 
classes  of  ware.  A  mixture  of  the  stiff  red  clay  and  the  brownish- 
yellow  surface  clay  has  been  successfully  used  for  making  flower  pots. 
A  few  lengths  of  drain  tile,  turned  upon  the  potter's  wheel,  dried  and 
burned  very  satisfactorily. 

CHOCOLATE   CLAYS. 

The  chocolate  clays  are  found  only  in  remnants  or  patches  in  vari- 
ous parts  of  the  district. 

At  the  union  depot  in  Little  Rock  the  chocolate  clay  forms  the  sur- 
face of  th^flat  bottom  of  the  cove  in  which  the  depot  is  situated.  It 
has  here  a  thickness  of  2  to  3  feet. 

In  the  small  valley  formed  by  the  stream  crossing  the  Sweet  Home 
turnpike  and  skirting  the  southern  side  of  the  gravel  ridge  in  the  SE.  J 
sec.  11,  T.  1  N.,  R  12  W.,  the  chocolate*  clay  is  found  on  both  sides  of 
the  stream  and  has  a  thickness  of  from  1  to  2  feet.  On  the  liill  at 
the  toUgate  between  this  stream  and  Fourche  Bayou,  about  one-half 
mile  from  the  place  just  mentioned,  the  same  bed  of  chocolate  clay 
appears. 

The  following  section  shows  the  relation  of  the  clays  at  this  hill: 

Section  at  hill  at  tailgate. 

Feot. 

Chocolate  clay 3 

Red  clay 6 

Blue  clay. 

In  Big  Rock  Bayou,  in  sec.  21,  T.  2  X.,  11.  12  W.,  chocolate  clay  2 
feet  thick  overlying  a  blue  clay  occupies  the  greater  part  of  the  bottom 
lands  aroimd  the  bayou. 

A  partial  analysis  of  the  clay  northwest  of  the  union  depot  at 
Little  Rock  shows  the  following  constituents: 

Analysis  of  chocolate-colored  vUiy  mtrthurH  of  union  depot,  Little  Rock, 

[J.  P.  Smith,  analyst.] 

Silica  (SiOj) 70.05 

Alumina  (ALpa) 14. 56 

Ferric  oxide  (FejOa) 6.20 

Liine(CaO) 74 

.(MgO) 1.12 


176  THE   CLAYS   OF   ARKANSAS. 

PotaflhCKaO) 1„  _  ^       .      _ 

So<ia(Na,0) \ [Not  detennined. 

I>os8on  ignition 4.45 

97.12 

Sand,  very  lino,  but  sonu^  coareo  partic!l(»8 11. 83 

Water  at  110*»-1 15°  (^ 4.48 

Wlien  the  chocolate  clay  is  wa^jhed,  it  makers  a  smooth  paste  of  uni- 
form color.  This  may  probably  form  a  good  base  for  the  manufacture 
of  some  classes  of  terra-cotta  ware,  but  great  care  must  be  taken  to  see 
that  it  is  dried  at  a  uniform  rate  over  all  the  work,  as  otherwise  the  clay 
has  a  tendency  to  break  into  small  blocks. 

A  portion  of  the  chocolate  clay  found  in  the  valley  at  the  imion  sta- 
tion was  washed,  and  the  slip  so  formed  was  allowed  to  stand  for  some 
time.  The  surplus  water  was  filtered  off  and  the  whole  was  allowed 
to  stand  for  two  weeks.  On  drying  it  formed  a  smooth-surfaced  even- 
textured  clay  and  retained  its  characteristic  chocolate  color. 

BOTTOM   CLAYS. 

The  bottom  lands  that  lie  along  Fourche  Bayou  and  form  Fourche 
Island  are  overlain  in  many  places  by  a  dark-bluish  clay.  On  drying 
this  clay  becomes  ashy  gray  and  exhibits  patches  of  iron  or  rust  stains. 
When  wet  the  clay  is  tough  and  plastic,  and  in  drying  it  becomes  hard 
and  shows  a  tendency  to  crack  where  exposed  to  the  heat  of  the  sun. 

An  exposure  of  this  clay  is  seen  in  the  stream  along  the  track  of  the 
St.  liouis.  Iron  Mountain  and  Southern  Railway,  near  the  point  where 
that  ro^d  crosses  Fourche  Bayou,  in  the  NE.  J  SE.  J  sec.  17,  T.  1  N.,  R. 
12  W.  In  this  stream  the  clay  bed  is  about  4  feet  thick  and  extends 
along  the  railroad  for  nearly  a  quarter  of  a  mile.  It  is  also  shown  at 
various  other  places  in  the  cuttings  throughout  the  bottom  lands. 

This  clay  is  comparatively  free  from  sand  and  when  wet  is  ven' 
tough.  When  worked  properly  it  may  be  used  for  making  a  good 
grade  of  pressed  front  or  ornamental  bricks  and  may  possibly  be  util- 
ized for  the  manufacture  of  ordinarj^  drain  tile.  In  appearance  and 
texture,  as  well  as  in  position  and  apparent  origin,  this  clay  greatly 
resembles  the  clays  of  the  bottom  lands  of  Terre  Noir  and  Bradshaw 
creeks,  which  were  formerly  used  in  the  manufacture  of  bricks  and 
drain  tiles  by  Maj.  Jesse  A.  Ross  at  his  brick  and  tile  factory  near 
Arkadelphia. 

In  working  this  clay  considerable  attention  will  have  to  be  paid  to 
its  ])r()per  mixing  and  tempering,  and  also  to  the  dry-ing  of  the  bricks 
or  tiles  after  they  have  come  from  the  machine. 

This  clay  will  work  better  and  (»asier  if  dug  in  the  fall  and  worked 
over  during  the  winter  preparatory  to  its  final  tempering  and  manu- 
iacture  in  the  following  summer.  The  low-lying  position  of  the  pits 
will  require  the  clay  that  is  to  be  thus  worked  to  be  removed  to  a 
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higher  situation,  where  it  will  be  beyond  the  reaxjh  of  the  overflow  of 
the  bayou  during  the  late  winter  and  early  spring  rains.  It  will  be 
an  advantage  to  house  the  clay  in  covered  pits,  where  it  can  be  pro- 
tected from  excessive  wet  and  where  at  the  same  time  it  will  not 
become  too  dry  for  working.  If  it  contains  a  considerable  quantity 
of  its  natural  moisture,  less  work  will  be  required  in  mixing  and 
grinding  and  a  much  better  final  article  will  be  produced. 

Like  the  other  clays  found  in  the  bottom  lands  of  the  State,  this 
clay  holds  a  considerable  percentage  of  water,  and  at  the  same  time 
it  parts  with  the  water  ver^"  slowly.  For  this  reason  it  will  be  nec- 
essary to  work  this  clay  in  as  drj'  a  condition  as  possible.  The  slow 
parting  with  its  combined  water  renders  the  drying  of  the  bricks  and 
tiles  made  of  this  or  similar  clays  a  rather  long  process  and  one  which 
must  be  very  carefully  attended  to.  Such  clays  can  be  best  dried 
imder  cover,  in  sheds  so  constructed  that,  as  far  as  possible,  a  uni- 
form amount  of  air  and  heat  will  be  allowed  to  come  in  contact  with 
the  newly  made  bricks  or  tiles  and  strike  them  as  equally  as  possible. 
At  some  seasons  of  the  year,  and  for  reasons  given  above,  an  artificial 
drier  may  probably  be  the  most  advantageous.  Probably  the  drier 
may  be  economically  used  at  all  times,  as  clays  of  this  class  can  not 
be  dried  in  the  air  sufficiently  to  be  ready  for  the  kiln  within  fifteen 
to  twenty  days.  Great  care  must  be  taken  that  the  bricks  or  tiles 
are  sufficiently  drj'  before  they  are  placed  in  the  kiln.  If  not  thor- 
oughly dry  when  put  into  the  kiln,  the  bricks  will  crack  and  the  tiles 
have  a  tendency  to  split  longitudinally. 

m'almont  district. 

West  of  the  village  of  McAlmont,  in  the  center  of  sec.  16,  T.  2  N., 
R.  11  W!,  on  the  line  of  the  St.  Louis,  Iron  Mountain  and  Southern 
Rfiilway,  and  in  the  NE.  J  NE.  i  sec.  29,  T.  2  N.,  R.  11  W.,  the  rail- 
way crosses  a  bank  of  clay  running  in  a  northwest-southeast  direction. 
The  northern  boundary  of  this  field  begins  near  Tremble  I^ake,  in 
the  SW.  i  SW.  }  sec.  9,^  T.  2  N.,  R.  11  W.,  and  passes  northeastward, 
curving  gently  round  it  until  it  crosses  the  wSt.  Louis,  Iron  Mountain 
and  Southern  Railway  1  mile  north  of  McAlmont.  It  there  crosses 
the  Memphis  wagon  road  and,  turning  somewhat  abruptly,  comes 
west,  crossing  the  wagon  road  to  Galloway,  a  short  distance  east  of 
McAlmont.  The  bank  then  curves  round  toward  Ink  Bayou.  It 
follows  the  edge  of  the  bayou  for  some  distance  and  again  crosses  the 
public  road  and  railway  in  the  SE.  }  sec.  20,  T.  2  N.,  R.  11  W.  This 
area  is  overlain  to  a  great  extent  by  a  brighter  colored  loam  than 
that  found  in  the  old  brick  field  around  Argenta,  and  from  appear- 
ances it  seems  capable  of  making  a  finer  brick. 
48136— Bull,  .'{ni— 08 111 
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Tliis  bank  is  not  altogetluT  composed  of  yellowish  loam.  North  of 
McAlniont  the  loam  gives  ])lace  to  a  stiff  clay,  which  changes  in  color 
from  bright  red  to  drab  and  dark  red  as  it  approaches  the  outer  point 
of  the  area  comprised  within  the  above  limitij.  This  clay,  although 
diilerently  colored,  is  apparently  of  the  same  nature.  It  is  plastic, 
greasy  to  the  touch,  and  works  smoothly.  Each  color  works  into  the 
other,  forming  a  perfectly  homogeneous  mass.  A  well  bored  through 
the  red  clay  in  the  SE.  \  SE.  J  sec.  9,  T.  2  N.,  R.  11  W.,  shows  it  to 
have  a  thickness  of  12  feet  and  that  it  rests  upon  fine  sand. 

In  a  ditch  along  the  side  of  the  railway  and  between  it  and  the 
Memphis  wagon  r6ad  three  beds  are  exposed.  These  clays  are  red, 
dral)  or  gray,  and  1)right  red.  The  red  clays  at  the  bottom  do  not 
a])pear  to  have  the  same  texture  as  the  others.  Where  exposed  to 
the  air  these  clays  become  dried  and  show  a  tendency  to  break  up  into 
small  piecx*s,  somewhat  in  the  samc^  style  a^j  the  joint  clay,  but  when 
wet  they  are  stiff  and  tenacious. 

This  clay  bank  follows  the  same  general  course  as  that  just  men- 
tioned. It  begins  at  Clear  Lake,  and  from  that  point  a  mulatto  sand 
succeeds  it  to  the  Galloway  road  at  McAlmont.  West  of  McAlmont 
the  face  of  the  bank  becomes  somewhat  paler  in  its  upper  division. 
The  light-colored  material  forms  no  great  proportion  of  the  bank,  and 
in  the  many  cuttings  made  by  the  small  streams  and  rain  the  red  clay 
is  seen  everywhere  underlying  it.  Where  the  bank  is  crossed  by  the 
public  road  west  of  Buchanan's  the  light-colored  and  mulatto  soils 
appear  to  be  wanting  in  the  face  and  are  ccmfined  to  the  middle  level 
of  the  country,  and  form  a  terrace,  the  edge  of  which  is  seen  on  the 
road  a  short  distance  west  of  Buchanan's,  wiiere  it  overlies  a  red  silty 
sand  and  has  a  depth  of  'U  feet.  It,  however,  gradually  disappears 
toward  the  west,  and  at  the  old  graveyard  on  the  Little  £ock  and 
McAlmont  wagon  road,  about  2  miles  east  of  the  lower  railroad 
bridge  over  Arkansas  River,  it  is  replaced  by  this  red  sand.  The 
underlying  clays  in  this  field  are  not  easily  det-ermincd. 

CLAY  INDUSTRY. 

The  various  kinds  of  days  found  in  I^idaski  ('Ounty  have  already 
been  discussed.  They  include  the  kaolins  of  Fourche  Mountain,  pot- 
tery clays,  clay  shales  suitable  for  the  manufacture  of  paving  bricks 
and  fire  bricks,  and  the  more  (common  surface  clays  suitable  for  the 
manufacture  of  common  building  bricks.  Conunon  brick  clay  is  the 
oidy  clay  in  the  county  now  used,  and  Little  Rock  the  only  place 
where  it  is  manufactured  into  bricks. 

There  are  at  present  three  brick  plants  in  Little  Rock  engaged  in 
the  manufacture  of  brick.  One  of  the  largest  plants  is  the  Arkansas 
Brick  and  Manufacturing  Company,  estabUshed  in  1897.  The  plant 
is  well  ecjuipped  with  modern  madiinery  for  molding,  drying,  and 
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bximing.  Stiff-mud  and  dry-pressed  bricks  are  made.  The  stiff- 
mud  bricks  are  molded  in  a  Chambers  machine  and  the  dry-pressed 
bricks  in  a  Ross-Keller  dry  press.  The  bricks  are  dried  in  a  Standard 
drier  and  burned  in  Swift's  patent  up-draft  grate  kilns.  It  requires 
forty-eight  hours  to  drj^  and  eight  to  ten  days  to  bum  the  bricks. 
Ten  kilns,  72  feet  by  24  feet  inside  measurement,  are  in  use.  The 
output  of  the  plant  is  150,000  stiff-mud  and  25,000  dry-press  bricks 
a  day. 

ST.  FRANCIS   COUNTY. 

GENERAL  GEOLOGY. 

St.  Francis  County  is  divided  into  three  natural  subdivisions — 
(1)  the  eastern,  or  St.  Francis  River  bottom;  (2)  the  central,  or  Crow- 
leys  Ridge;  and  (3)  the  western,  or  the  prairies. 

The  St.  Francis  River  bottom  is  a  flat  area  which  is  but  212  feet 
above  sea  level  at  Madison,  on  St.  Francis  River.  East  of  this  the 
country  rises  somewhat.  The  elevation  of  Forrest  City,  on  the  west 
side  of  Crowleys  Ridge,  is  251  feet.  East  of  the  ridge  the  surface 
material  consists  entirely  of  alluvial  sand  and  silt. 

The  Chicago  and  Rock  Island  Railroad,  which  runs  from  Memphis 
to  Little  Rock,  crosses  Crowleys  Ridge  at  Forrest  City.  The  follow- 
ing interesting  section  is  shown  along  the  railroad  from  Madison,  on 
St.  Francis  River,  to  Forrest  City : 

Section  of  Crowleys  liulifc  at  Forrest  ('itif. 

Feet. 

Loess  (unstratilit'd ) 10 

Dark  loam,  a  phase  of  tho  looss 3 

Yellow  clay  loam,  a  phase  of  the  loess 10 

Loess  unstratified,  contaming  irregular  lime  eoiicn'tions 6 

Stratified  loess,  bedding  brought  out  iu  narrow  bands  by  y(»llow 
iron-oxide  coloring,  containing  many  small  land  shells,  also  many 
round  lime  concretions  of  all  sizes  up  to  that  of  a  base  ball,  the 

whole  bed  b(»coming  nw>re  and  mon*  sandy  toward  the  base KJ 

Hidden 2-3 

Gravelly  sand,  streaked  yellow  with  iron  stain  and  cross-bedded 3-1 

Still  farther  east,  at  a  lower  elevation  than  tho  base  of  the  above 
section,  the  following  section  was  obtaimul: 

Section  1\  miles  east  of  Forrest  Citif. 

Feet. 

Loess  (unstratificd) 10 

Dark  loam,  a  phase  of  tlie  lo(»ss 3 

A  reddish-yellow  phase  of  the  loess (J 

Loess,  indistinctly  stratified 15 

Yellow  clay  loam 3 

Fine  drab  argillaceous  sand '.      3 

Coarse  gravel  (Lafayette) 5 

Gray  sand,  cross-bedded  in  places  and  elsewhere  interstratified  with 

thin  layers  of  light-drab  clay 2 

Dark  to    black  sand,  very  fine,  containing  lignit<\  the  d^LtVL  eoVox 

being  due  to  carbonaceous  matter "i*-*^ 
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On  the  east  side  of  Crowleys  Ridge,  near  the  mouth  of  Big  Crow 
Creek,  and  also  in  the  bed  of  the  creek  about  one-half  mile  from  its 
mouth,  there  is  a  series  of  calcareous  marine  deposits  containing 
numerous  Tertiary  fossils,  which  l^elong  either  to  the  Jackson  or 
Claiborne  horizons.  The  collections  which  have  been  made  contain 
about  an  equal  number  of  Jackson  fossils  and  of  fossils  of  Claiborne 
ago.  While  the  exact  horizon  may  be  somewhat  doubtful,  the  fossils 
prove  conclusively  that  the  strata  belong  to  the  lower  Tertiary  beds. 

The  fossils  found  in  the  strata  along  Big  Crow  Creek,  east  of  For- 
rest City,  have  made  it  possible  to  determine  the  age  of  the  older 
strata  along  Crowleys  Ridge.  The  ridge  is,  therefore,  a  remnant  of 
the  old  Tertiary  plain  which  once  extended  unbroken  from  the  foot 
of  the  Paleozoic  hills  in  eastern  ^Vrkansas  eastward  to  the  present 
bluffs  east  of  Mississippi  River. 

CLAY    DEPOSITS. 

The  clays  of  St.  Francis  C'ounly  are  the  common  brick  clays  found 
along  the  top  and  sides  of  Crowleys  Ridge  and  the  yellow  clay  loam 
of  the  prairie  country  west  of  the  ridge. 

Crowleys  Ridge  throughout  the  county  is  capped  with  loess,  which 
is  found  in  different  phases,  in  the  railroad  cut  east  of  Forrest  City 
there  are  no  less  than  four  different  varieties  of  the  loess.  In  places 
it  is  a  buff  to  gray  ncmstratified  mass,  containing  a  large  percentage  of 
lime  concretions  and  land  shells.  Both  above  and  below  he  beds  of 
stratified  loess,  wliich  in  places  is  a  reddish-yellow  clay  loam,  con- 
taining little  or  no  lime  carbonate  and  free  from  shells.  The  yellow 
clay  loams  of  the  loess  are  much  better  adapted  to  brick  manufac- 
ture. The  bricks  bum  to  a  solid  red  and  are  nmch  stronger  and 
stand  more  heat  than  bricks  made  from  the  calcareous  loess. 

The  country  west  of  the  ridge  has  a  surface  covering  of  yellow  clay 
similar  to  the  yellow  (day  of  the  loess,  but  of  nmch  later  age.  In 
plac(*s  its  thickness  ranges  from  about  15  feet  at  the  western  edge  of 
St.  Francis  County  to  40  feet  or  more  near  the  foot  of  Crowleys 
Ridge. 

The  persistency  of  the  surface  clay  is  shown  in  the  following  well 
sections : 

Sfcfion  of  u'fll  nt  I'ahstinr. 

Feet. 

Rod  clay 12-14 

Quicksand 12-14 

White  clay 6-8 

Heavy  gravel 12 
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Section  of  well  at  Brintley,  fI6olf^.f  milis  urst  of  St.  Fntwrw  CotiN/y. 

Yellow  clay " 12 

Yellow  sand 17 

Blue  mud 1 

Quicksand i\ 

Hard  clay 2ft 

Coarse  gravel {'^) 

The  yellow  surface  clay  which  occurs  so  extensively  over  the 
prairie  region  west  of  the  ridge  forms  in  places  the  Hnionite  huckshot 
land. 

Below  are  given  three  analyses  of  the  brick  clays  from  St .  Francois 
County: 

Analysis  of  loess  soil  from  Cmirb^s  R'ul(t*\  at  Forrest  TiVi/. 

[J.  P.  Smith.  AimlyHt.] 

Silica  and  insolubles 70.  'M) 

Ferric  oxide  (FeA))  1^.  j^^. 

Alumina  (AI2O3)       | 

Lime  (CaO) 1. 0() 

Magnesia  (MgO) 1 .  22 

Potash  (KjO) 51 

SodaCNajO) H» 

Phosphoric  acid  (P2O5) Tnu-c. 

Loss  on  ignition 2.  h:1 

Analysis  of  hvchshot  clay  from  Goodmn  Prnine,  4  vnlcs  vorthiveHt  of  <ioi>tUnu  station. 

[.I.  P.  Smith,  umilyHt.] 

Silica  (SiOj) H2.r,2 

Alumina  (Al-A) 7.  W) 

Iron  oxide  (FejO,) 4. 32 

Lime  (CaO) T^u•l^ 

Magnesia  (MgO) 40 

Potash  (K^O) 52 

Soda  ( NajO ) 03 

Manganese  (MnO j Trwo. 

Phosphoric  acid  ( P^Oj) Tnu*-. 

Loss  on  ignition '.^.f'A 

UtO.'M 
Water  at  115°  C 7.  H2 

The  following  sample  was  taken  from  the  in at^' rial  about  a  n^^wly 
dug  well  about  4  miles  northeast  of  Goodwin  station,  on  the  railway: 

Aruil'jfrijs  of  hard  pa  ft  from  GofMJirin  I'rairi*. 

[/.  }'.  >"Milth    *IiA.ly«lt.J 

Silica  (SiOj H4.rM 

Ferric  oxid^    F"/J,  '5  70 

Alumina  •  Al/^,      '/  ''*:i 

LimeiraO VA 
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Magnesia  (Mg<)) .- .     . .  Trace. 

Potash  (KoO) 0. 91 

Soda  (NaoO) '. 80 

Manganese  (MnO) Trace. 

Phosphoric  acid  (P^O.^ '. 00 

TiOss  on  ijjnition 3.32 

99.43 

Water  at  1 15°  r 1.40 

CLAY  INDUSTRY. 

The  only  clay  product  manufactured  in  the  county  is  common  build- 
ing 1)rick,  made  from  the  loess  by  the  Choctaw  Brick  and  Tile  Com- 
pany, of  FoiTe^t  City.  The  clay  is  hauled  from  the  pit  to  the  machine 
by  a  team  and  scraper,  mixed  in  a  steam  pug  mill,  and  molded  in  a 
Chambers  end-cut,  stiff-mud  machine.  The  bricks  are  dried  by  steam, 
which  requires  one  to  two  days.  They  are  burned  in  up-tlraft  kilns, 
having  a  capacity  of  200,000  bricks.  Wood  is  used  as  fuel.  The  plant 
has  a  capacity  of  20,000  bricks  a  day. 

SALINE  C  OITNTY, 

GENERAL  GEOLOGY. 

Saline  County  has  within  its  bordei-s  rocks  of  two  widely  different 
geologic^  ages.  The  northwestern  portion  of  the  county  is  covered 
with  Paleozoic  shales,  sandstones,  and  novaculites,  much  folded  or 
standing  on  edge,  and  intei-sected  by  a  vast  number  of  quartz  veins; 
while  the  southeastern  part  is  of  soft  and  usually  uncompacted  and 
horizontally  bedded  Tertiary  sands,  clays,  and  gravels,  except  in  parts 
of  T.  2  S.,  11.  14  W.,  where  eruptive  rocks  come  to  the  surface.  The 
line  separating  the  Paleozoic  and  Tertiary  areas  runs  through  the 
county  in  a  northeast-southwest  direction.  The  St.  Louis,  Iron  Moun- 
tain and  Southern  Railway  follows  the  dividing  line  approximately 
parallel  with  and  from  1  to  4  miles  northwest  of  it.  The  region  of 
Paleozoic  shales  and  sandstones  to  the  northwest  was  the  dry  land 
forming  the  shores  during  Tertiary  times,  when  the  sands  and  clays 
that  lie  to  the  southeast  were  being  deposited  in  the  waters  which  at 
that  time  covered  all  southern  and  eastern  Arkansas. 

CLAY  DEPOSITS. 
DISTRIBUTION    OF   THE    CLAYS. 

In  the  northern  and  western  parts  of  the  comity  pottery  clays  are 
not  likely  to  occur  in  abundance.  They  may  possibly  be  found  in 
occasional  local  pockets,  where  the  clay  shales  have  decayed,  or  in 
^'shishes,^'  where  the  water  has  leached  out  local  accumulations;  but 
the  great  pottery  clay  beds  lie  south  and  east  of  the  old  shore  line  re- 
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ferred  to  above.  In  the  river  bottoms  also,  especially  along  Saline 
River,  the  immediate  surface  soil  includes  here  and  there  ''buckshot'' 
clays,  which  furnish  rather  poor  pottery  clays. 

CI  AYS   ABOUT   BENTON. 

The  clay  pits  opened  in  the  vicinity  of  Benton  have  aided  a  compre- 
hension of  both  the  general  and  detailed  structure  of  this  part  of  the 
State.  These  pits  are  all  in  T.  2  S.,  R.  15  W.  The  sections  which 
they  represent  are  here  given  in  detail,  beginniiig  with  the  Hicks  pit  in 
theNE.jNE.  Jsec.  12. 

HICKS   CLAY  BANK. 

The  Hicks  clay  bank,  formerly  known  as  "  the  old  Leach  bank, "  was 
the  first  clay  deposit  opened  in  the  neighborhood  of  Benton,  and  for 
several  years  was  the  only  source  of  supply  for  pottery  clays  at  that 
place.  Early  in  1889  the  old  pit  was  reopened  by  Mr.  J.  Howe,  and  the 
clay  was  mixed  with  clay  from  other  pits  for  use  in  his  pottery.  It  is 
not  used  by  itself  in  any  of  the  potteries. 

Section  at  the  Hicks  pit. 

Feet. 

Sandy  soil,  capped  with  novaoulite  gravt4 2 

Sandy  clay,  with  scattered  peb])les;  particolored  and  more  sandy 

below 7 

Drab  potter's  clay 20 

The  bottom  of  this  clay  had  not  been  reached  by  the  operations  in 
progress  at  the  time  it  was  visited.  The  clay  at  different  points  of  the 
pit  varies  in  the  amount  of  sand  it  contains.  It  is  pinkish  brown  when 
first  dug,  but  as  it  dries  becomes  light  gray  with  a  faint  pink  tinge.  It 
has  a  slightly  sweetish  taste.  It  is  wanting  in  body  and  will  not  bum 
to  a  solid  stoneware.  Only  the  Albany  slip-black  glaze  can  be  used 
with  it,  all  attempts  hitherto  made  at  salt  glazing  having  resulted  in 
failure  owing  to  the  inability  of  the  ware  to  bear  a  sufficiently  high 
heat.  When  subjected  to  a  white  heat  it  cracks  and  breaks  in  the 
kiln,  and  the  pieces  escaping  destructicm  in  this  way  are  liable  to  air 
check  in  cooling.  It  may  be  very  profitably  manufactured  into  open 
ware,  however,  su^i  as  pots,  chums,  crocks,  and  milk  pans,  or  into  any 
article  in  which  the  liquid  contents  are  not  allowed  to  stand  long. 
Unglazed  ware  made  from  this  clay  is  very  ])orous,  and  when  glazed 
ware  made  of  it  cracks  or  chips  so  as  to  expose  the  body  of 'the  vessel  it 
is  found  to  be  very  absorbent,  so  that  it  can  not  be  employed  for  ware 
that  is  to  be  used  to  hold  liquids  for  any  great  length  of  time. 

THE    RHODENBAUGH    CLAY    BANK. 

The  Rhodenbaugh  bank  is  in  the  SW.  }  NE.  J  sec.  12,  T.  2  S., 
R.  15  W.,  about  one-fourth  mile  south  of  the  Ilicks  pit.  A  depression 
between  this  and  the  Hicks  bank  is  filled  \s'iU\  w^iletVsv^YW  ^"^nA, 
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The  sections  at  the  two  pit^  are  practically  the  same,  and  the  beds  are 
the  same,  but  there  is  a  slight  difference  or  local  variation  in  the 
character  of  the  clays  themselves. 

Section  at  the  Rhodenbaugh  clay  bank. 

Fetft. 

Thin  sandy  soil  with  fine  gravel 1 

Ferruginous  gravel  with  abundant  coarse  sand;  clayey  below 5 

Light-drab  potter's  clay,  the  lower  2  feet  of  which  is  blue  contain- 
ing red  patches  of  iron 10 

Fine  white  sand ' IJ 

Novaculite  gravels,  conglomerated 3 

20i 

Below  the  pottery  clay  is  a  bed  of  brownish-yellow  waterwom, 
novaculite  gravel,  much  of  which  is  cemented  into  a  conglomerate. 
Near  the  upper  surface  or  top  of  the  10-foot  bed  of  clay  there  is  a 
streak  of  black  material  2  inches  thick.  The  2  feet  of  blue  clay  con- 
stituting the  base  of  this  bed  contain  numerous  impressions  of  leaves 
and  stems  of  plants  and  red  patches.  Tliis  2-foot  layer  of  clay  is 
not  used  in  the  manufacture  of  pottery  but  goes  to  the  waste  bank 
with  the  gravel.  This  blue  clay  might,  if  mixed  with  sufficient 
quantity  of  sand,  be  used  for  the  manufacture  of  bricks.  Bricks  as 
a  rule  do  not  require  the  same  degree  of  firing  as  stoneware,  and  the 
red  material,  if  mixed  properly,  will  be  an  advantage  rather  than  a 
detriment  to  it,  as  it  would  serve  to  color  the  whole  mass.  This  clay 
is  rejected  by  the  potters  because  the  ware  must  be  subjected  to  a 
prolonged  white  heat  before  it  will  take  the  glaze  necessary  to  pro- 
duce a  marketable  product,  and  under  the  high  temperature  required 
the  red  clay,  which  is  highly  charged  with  iron,  would  melt  or  turn 
black  and  make  the  ware  unsightly  and  unfit  for  miarket.  Great 
care  must  therefore  be  exercised  to  prevent  any  of  this  material  from 
being  mixed  with  the  clean  potter^"  clay. 

The  clay  from  the  Rhodenbaugh  bed  is  fine  grained  and  of  close 
texture.  When  moist  it  has  a  pinkish-brown  color,  which  it  loses  on 
drying.  Although  sometimes  used  without  any  mixture  the  pro- 
prietors of  the  pit  coiLsider  it  verj'^  much  improved  by  the  addition 
of  a  little  sand.  The  sand  adds  to  the  body  and  in  burning  enables 
the  ware  to  take  a  hard  finish.  It  will  take  either  the  Albany  slip 
glaze  or  the  salt  glaze. 

The  bed  o£  clay  foimd  in  Rhodenbaugh's  pit  covers  about  8  acres 
and  thins  out  toward  the  south  within  a  short  distance  of  Rhoden- 
baugh's house. 

The  following  is  the  section  exposed  in  a  well  36  feet  deep  in 
Rhodenbaugh's  garden,  in  the  NW.  \  SW.  J  sec.  12.  The  well  does 
not  strike  the  clay,  although  it  penetrates  the  Tertiary  and  reaches 
Paleozoic  rocks  below.  The  mouth  of  the  well  is  doubtless  at  a  point 
below  the  clay  bed. 
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Section  of  RhodenhaugKa  well. 

Feet. 

Waterwom  gravel 12 

Black  clay,  breaking  up  in  flakes 4 

Stiff,  tenacious  blue  clay 20 

Paleozoic  sandstone  at  the  bottom. 

36 

A  well  is  reported  to  have  been  dug  at  Bernard  Fiste's  place,  near 
the  middle  of  the  north  side  of  sec.  13,  about  three-fourths  of  a  mile 
east  of  Rhodenbaugh's  pottery.  In  this  well  a  pottery  clay  bed  was 
struck  at  a  depth  of  45  feet.  The  bed  is  said  to  be  15  feet  thick  here 
and  of  dark  color.  The  clay,  which  has  been  tested,  retains  its  dark 
color  after  burning.  Its  occurrence  at  this  place  throws  much  light 
on  the  distribution  of  the  pottery  clays  about  Benton. 

WOOSLKY   CLAY    BANK. 

The  Woosley  clay  bank  is  in  the  NH  }  sec.  1 ,  on  both  sides  of  ''the 
old  military  road"  leading  northeastward  from  Benton.  The  clay  is 
5  or  6  feet  thick,  but  it  thins  out  at  the  margins  of  the  bed,  which 
covers  about  IJ  acres.  About  400  feet  east  of  Mr.  Woosley's  house 
the  following  section  is  exposed  in  an  abandoned  clay  pit: 

Section  at  Woosley^ a  clay  pit. 

Feet. 

Brown  pebbly,  iron-stainod  clay 4 

Red  sandy  clay 6 

Blue  clay  with  red  patches 2 

Pottery  clay 5 

Grayish  sand 4 

21 
The  following  section  is  reported  by  Mr.  Kennedy: 

Section  of  pit  at  Woosley^ 8  pottery  sheds. 

Feet. 

Hard  grayish  sandy  clay 4 

Pottery  clay 5 

Light-grayish  sand fi 

Bluish  joint  clay  at  baso. 

Mr.  Woosley  has  opened  another  clay  pit  on  the  west  side  of  the 
SW.}  NW.  J  sec.  1.     The  beds  exposed  are  as  follows: 

Section  in  SW.  i  NW.  i  sec.  U  T.  2  S.,  R.  15  W. 

Feet. 

Red  sandy  clay 4 

Pottery  clay 4 

The  well  section  at  Woosley's  potter}^,  reported  by  Call,  is  interest- 
ing as  showing  the  relations  of  the  potter's  clay  of  his  pit  to  the 
iinderlying  blue  joint  clays  of  Eocene  age.  The  section  should  be 
considered  in  connection  with  that  at  Womack's  pit,  in  the  village  of 
Benton. 
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Section  ofvw.ll  at  iro««//'(/'*  pottery. 

Feet. 

Gravelly  and  clayey  sand 4 

Potter's  clay,  becoming  sandy  b<4ow 10 

Stratified  blue  or  black  joint  clay 46 

The  well  ends  in  the  joint  clay  without  penetrating  it.  Probably 
the  clay  is  precisely  equivalent  to  that  found  in  the  Benton  well 
sections. 

The  section  at  Woosley\s  pit,  as  observed  by  Professor  Call  in  June, 

1801,  is  jriven  below. 

Section  at  \V<H)s1ey^s  clay  pit. 

Fe«t. 

1 .  Tiight  gravelly  an<l  sandy  soil 1 

2.  (iravel  bed,  with  much  coarse  sand 3 

3.  Red  sandy  clay  with  (K'casional  p(K'kets  of  clay 8 

4.  Snuff-colored  potter's  clay,  upjxjr  foot  (*ontaining  pcM'kets  of  red 

sand,  lower  4  feet  a  bright-yellow  potter's  clay 12 

5.  Fine  white  sand  with  some  clay 12 

36 
The  sands  from  No.  5  of  tliis  section  were  mixed  with  clays  from 
No.  4.  The  pottery  made  of  this  combination  was  a  well-bodied 
li^ht-yellow  ware  with  a  metallic  rintij,  and  took  a  good  glaze.  Only 
a  portion  of  this  clay  was  worked  and  the  pit  was  then  abandoned 
by  its  owner,  who  now  uses  clay  from  a  bed  500  feet  north  of  Davis's 
pottery  and  west  of  the  military  road. 

Til  appearances  and  in  general  structure  the  clay  taken  from  Woos- 
ley's  bed  is  like  that  found  in  the  other  day  deposits  near  Benton. 
It  is  light  pinkish  brown  when  moist  and  dries  to  a  faint  pink  color. 
In  working  and  burning  it  has  the  reputation  of  being,  next  to  that 
from  Rhodenbaugh's  bed,  the  finest  clay  in  tlie  district.  It  bums  to 
a  solid  stone  body  and  takes  both  salt  and  Albany  slip  glaze. 

DAVIS    CLAY   BANK. 

The  L.  R.  Davis  pit  (formerly  Ilerrick  &  Davis)  is  in  the  NW.  J 
SE.  1  sec.  2,  on  tlie  northwest  side  of  tlie  old  military  road.  The 
following  section  in  a  pit  near  the  west  end  of  the  bank  shows  the 
relations  of  the  several  beds: 

Section  at  the  I..  R.  Davis  clay  pit. 

Feet. 

Waterworn  gravel 3 

Red  clay 4 

Potter's  clay 11 

Ferruginous  sandstone  at  the  bottom. 

Nearly  the  same  section  is  exposed  in  a  well  50  feet  deep  a  little 
east  of  the  east  end  of  the  pit.  In  the  well  section  the  gravel  is 
thicker  and  the  red  clay  somewhat  thinner,  while  the  potter's  cla}' 
remains  the  same. 
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Below  is  ^iven  the  section  of  a  well  at  Mr.  Herrick's  house,  east  of 
Davis's  clay  pit,  in  the  NW.  }  SK.  J  sec.  2,  T.  2  S.,  R.  15  W. 

Section  of  HenicFs  irell. 

Feet. 

Waterwom  gravel 4 

Brown  pottery  clay 11 

Coarse,  white,  sharp  sand 25 

Waterwom,  iron-stained  gravel 10 

50 

The  potter's  clay  thins  out  and  disappears  south  of  the  road  and 
about  60  yards  south  of  Davis's  pottery  sheds.  The  clay  bums  to  a 
white  or  cream  color  and  may  be  glazed  by  both  salt  and  Albany 
slip  ^laze. 

HKNDEUSOX    CLAY    BANK. 

S.  M.  Henderson's  bank  is  in  the  NW.  }  NE.  i  sec.  2,  T.  2  S., 
R.  15  W.,  and  underlies  a  brownish  sandy  gravel  3  feet  in  thickness 
and  a  blue  sandy  clay  containing  bright  patches.  This  sandy  cla}^ 
is  of  variable  thickness,  but  it  averages  about  3  feet.  Beneath  this 
bed  lies  the  potter's  clay,  with  a  thickness  of  14  feet.  The  color  of 
the  clay  varies  with  the  depth  in  the  pit,  ranging  from  light  blue  or 
pinkish  on  top  to  almost  black  at  the  base.  The  lower  strata  con- 
tain impressions  of  leaves  and  stems  of  plants.  This  clay  burns  to  a 
stone  body  that  readily  takes  both  the  Albany  slip  and  the  salt 
glaze. 

About  300  feet  east  of  Kirkpatrick's  house  a  well  at  his  brick- 
yard shows  the  pottery  clay  to  have  a  covering  of  15  feet. 

At  Kirkpatrick's,  on  the  west  side  of  the  NE.  }  NE.  }  sec.  11,  a 
well  20  feet  deep  penetrates  gravelly,  sandy  clay  and  ends  in  the 
potter's  clay  beds. 

This  bed  is  probably  continuous  eastward  over  the  bottoms  along 
the  creek.  Its  dip  is  southeast,  as  is  indicated  by  tlie  occurrence  of 
a  similar  bed  in  a  well  section  three-fourths  of  a  mile  farther  east,  in 
the  NE.  i  NE.  J  sec.  23,  T.  2  S.,  R.  15  W.,  which  is  without  doubt 
an  extension  of  the  same  deposit. 

Search  has  been  made  for  these  beds  at  various  points  in  ravines 
and  guUies  along  the  h^Iside  south  of  the  Iron  Mountain  Railway 
depot  at  Benton,  but  none  were  found. 

wo  MACK    CLAY    BANK. 

A  stiflF,  dark,  lead-colored  clay  appears  in  the  town  of  Benton  on 
the  west  side  of  Market  street  and  between  that  point  and  the  ''old 
military  road,"  in  the  NW.  i  SW.  i  sec.  11,  T.  2  S.,  R.  15  W.  The 
clay  is  at  least  30  feet  thick,  as  seen  in  the  section  given  below  (by 
Call),  but  its  total  tliickness  has  not  been  ascertained.  It  gets 
darker  as  it  is  penetrated  deeper. 
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i^ecthn  at  Wowark's  vlay  pit,  Benton. 

Feet. 

Soil,  sandy  and  gravelly 2 

Gravel  and  coarse  sand,  highly  ferruginous 6 

Conglomerate;  sand  and  fine  gravel  cemented  with  iron  oxide J 

Blue  or  lead-colored   joint   clay,  with  scattered   nodules  of  iron 

pyrites 30J 

39 

The  clay  found  in  this  pit  occurs  in  the  bottom  of  a  dozen  or  more 
wells  in  the  village  of  Benton.  A  well  digger  who  had  put  down 
nearly  all  these  wells  exhibited  a  mass  of  clay  from  the  bottom  of 
one  well  (which  stratum  he  said  was  reached  in  all  wells  attaining  a 
depth  of  40  feet  or  more)  containing  marine  shells  {T\irritella  cari-- 
nata)  of  Eocene  (Tertiary)  age. 

In  certain  portions  of  the  pit,  near  its  middle  line,  occasional 
nodules  of  iron  pyrites  occur.  Mica  scales  aboimd  in  the  cleavage 
planes  and  rarely  crystals  of  selenite  are  seen. 

The  cla}^  from  Womack's  pit  is  too  stiff  to  be  worked  in  ordinary 
pugs,  and  must  be  crushed  by  special  machinery.  A  sample  brought 
to  the  office  of  the  Arkansas  Geoh^^ical  Survey  by  Mr.  Womf.ck  was 
somewhat  streaked  with  iron,  some  of  which  seems  to  have  infil- 
trated along  the  rootlets  of  plants. 

This  clay  taken  alone  is  not  a  distinctively  good  potter'c  clay,  and 
ware  made  from  it  is  not  ecjual  to  that  made  from  the  clays  of  any 
other  Benton  pit.  It  gives  a  heavy  body  and  cool  cracks  when  salt 
glaze  is  employed.  It  is  mixed  with  day  from  Ilicks's  pit  in  the  pro- 
portion of  equal  parts  of  each,  and  in  this  way  make^  a  very  fair 
gray  pottery.  It  is  highly  probable  that  with  some  experimenting 
a  method  could  be  hit  upon  that  would  make  it  possible  to  utilize 
this  fine  bed  of  clay  to  better  advantage.  If  no  better  use  be  found, 
it  might  be  available  for  making  vitrified  bricks. 

OTHER    CLAYH    NEAR    BENTON. 

In  the  southeast  comer  of  the  SW.  }  NW.  J  sec.  13,  T.  2  S., 
R.  15  W.,  near  Mrs.  Butler's  house,  a  well  65  feet  dee])  passes  throngh 
a  l)ed  of  dark  potter\s  clay  30  feet  tliick. 

Section  of  veil  nrar   Mrs,  Butlet'a. 

Feet. 

Red  clay 4 

Sand 24 

Pottcr'fj  day 30 

WatiTworii  gra vcl 7 

65 

In  the  NW.  }  SW.  J  sec.  13  a  well  800  feet  south  of  Mrs.  Butler's, 
just  west  of  the  road,  is  20  feet  deep  but  does  not  penetrate  the  pot- 
tor's  clay  bed.  The  mouth  of  this  well  is  about  15  feet  above  the 
juouth  of  Mrs.  Butler's  well. 
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Section  in  sec.  13,  T.  2  S.,  R.  IS  W. 

Feet. 

Red  sandy  clay 3 

Joint  clay 4 

Blue  sand 13 

20 

In  the  NE.  }  SE.  1  sec.  13,  T.  2  S.,  R.  15  W.,  at  Bennett's  pottery,  a 
well  20  feet  deep  has  the  section  given  below. 


Sectimi  of  well  at  Bennett's  pottery. 


Soil. 


Feet. 
5 


Clay 2 

Red  sandy  clay 12 

Blue  sand  at  l)ottom. 

The  well  section  at  Mrs.  Butler's  and  at  other  points  south  of  the 
railway,  taken  in  connection  with  the  other  observations,  throws 
light  on  the  distribution  of  the  clay  beds  about  Benton  and  through- 
out the  region  south  of  Benton.  The  relations  of  these  sections  to 
one  another  can  be  best  shown  by  the  profile  given  in  fig.  16.     This 


FlO.  16.— North-south  section  at  Benton,  showing  relations  of  the  clay  beds  north  of  the  railway  to 

those  south  of  it. 

section  shows  why  pottery  clay  was  not  found  either  in  the  well 
south  of  Mrs.  Butler  or  in  that  at  Bennett\s  pottery.  If  these  wells 
were  carried  down  25  feet  dee})er  they  would  enter  the  bed  pene- 
trated at  Mrs.  Butler's. 

On  the  hills  west  of  Mrs.  Butler's,  at  a  point  in  the  W.  i  sec.  14, 
but  not  precisely  located,   a  well  is  reported  with  the   following 
section : 

Well  section  in  sec.  l-U  T.  J  S.,  R.  15   W. 

Feet. 

.   Clay  and  gravel 10 

Clay  with  sand  streaks 20 

Sand 4 

It  seems  probable  that  the  sand  found  in  the  bottom  of  this  well 
is  the  top  of  the  sand  bed  that  overlies  the  potter's  clay,  and  that  if 
the  well  were  carried  down  20  feet  deeper  it  would  enter  the  clay. 

Mr.  T.  C.  Hopkins  also  found  an  exposure  of  weathered  potter's 
clay  on  the  south  side  of  the  little  stream  about  a  quarter  of  a  mile 
south  of  the  Benton  depot.  This  is  about  where  one  would  expect 
to  find  the  outcrop  of  the  great  bed  on  the  south  side  of  U\^N^V\e;^ , 
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The  elevations  were  observed  (by  aneroid  barometer)  at  Mrs. 
Butler's  and  at  the  various  clay  pits  north  of  the  railway  for  the  pur- 
pose of  determining  whether  the  clay  pits  were  all  upon  the  same  bed, 
and  to  ascertain  the  dip  of  the  beds. 

Elevatiowf  of  tJw.  pottery  clay  beds  near  Benton. 

Feet. 

Rhodenbaugh'p  pit 340 

Hicks's  pit 350 

Davis's  pit 420 

Woosley's  pit 440 

Bed  in  Mrs.  Butler's  well 325 

Bennett's  pottery 340 

Henderson's  pit 380 

These  elevations  show  that  the  beds  have  a  gentle  dip  to  the  east 
and  south  and  that  the  Rhodenbaugh,  Hicks,  Davis,  Woosley(?), 
and  Henderson  pits  on  the  north  side  of  the  railway  track  are  in  all 
probability  on  a  bed  of  clay  identical  with  the  bed  cut  in  Mrs.  Butler's 
well.  The  slight  differences  of  the  clays  found  in  the  various  pits 
are  of  a  character  that  usually  occurs  in  any  deposit  in  passing  from 
one  point  to  another.  The  thinness  of  the  beds  and  their  irregu- 
larities are  no  doubt  produced  by  the  greater  erosion  to  which  the 
northwestern  or  landward  edges  of  these  soft  beds  have  been  exposed. 

The  Woosley  bed  appears  to  l)e  higher  than  the  others  and  to  be 
only  the  small  fragment  of  a  bed  which  once  overlay  the  region  south 
of  Woosley^s,  but  which  has  all  been  removed  by  erosion  except 
this  remnant  and  its  possible  southw^ard  extension,  which  is  to  be 
looked  for  in  the  hilltops  south  of  Mrs.  Butler's  well. 

The  beds  openeci  north  of  the  railway  (except  Woosley's)  appear 
to  be  all  parts  of  the  same  deposit,  and  in  all  ])r()bability  the  clay 
may  be  found  in  a  long  outcrop  that  will  connect  the  Hicks,  Hen- 
derson, Davis,  and  Rhodenl)augh  banks  with  the  well  at  Mrs.  Butler's. 

The  sections  and  records  given  above  relate  only  to  the  beds 
exposed  in  the  immediate  neighborhood  of  Benton.  Most  of  the 
clays  of  these  beds  have  been  test(»d  in  one  way  or  another.  There 
is  no  reason  for  su])])osing  that  the  valuable  clay  beds  are  confined  to 
this  locality,  but  the  geology  leads  us  to  conclude  that  just  as  good 
deposits  exist  in  other  ])arts  of  the  county.  With  a  view  to  ascer- 
taining as  much  as  ])ossible  regarding  the  distribution  of  the  potter's 
clays  in  the  surrounding  country  the  following  observations  are 
brought  together  here: 

About  the  center  of  the  SE.  \  SE.  J  sec.  3,  T.  2  S.,  R.  13  W.,  there 
is  a  bed  of  clay  on  Robert  Bigg's  place  that  deserves  special  attention. 
The  geologic  observations  at  this  locality  were  kindly  furnished  by 
M^.  E.  C.  Buchanan,  of  Little  Rock,  who  made  two  trips  to  examine 
it,  and  who  collected  the  sample  whose  analysis  is  given  below.     The 
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clay  outcrops  at  several  places  in  the  SE.  }  SE.  }  sec.  3.  The  out- 
crops are  in  a  series  of  small  gullies,  from  2  to  7  feet  deep,  draining 
south  and  southeast  and  northeast.     The  section  exposed  is  as  felloe's: 

Section  at  the  Robert  Bigg  place. 

Ft.      in. 

1.  Sandy  clay  and  gravel 2    C 

2.  Reddish  clay : 2 

3.  Cream-colored  clay 5 

4.  Reddish  sandstone i 

5.  Cream-colored  clay 10 

Mr.  Palmer,  who  lives  at  the  northwest  comer  of  SE.  \  sec.  3,  says 
that  he  dug  a  pit  3  feet  at  the  lowest  i)art  of  the  exposure  of  No.  5 
without  reaching  the  hottom  of  that  bed.  The  beds  seem  to  be 
horizontal. 

The  clay  of  the  bottom  bed  (No.  5)  lias  a  conchoidal  fracture,  and 
is  cream  colored  when  first  dug  out,  but  on  exposure  to  the  sun  it 
becomes  nearly  white.  Beds  of  No.  3  and  No.  5  are  apparently 
about  the  same,  but  are  separated  by  the  thin  layer  of  sand  rock. 

A  well  55  feet  deep,  dug  by  Mr.  Palmer  at  the  point  indicated, 
starts  about  20  feet  below  the  level  of  the  clay  and  for  that  reason 
does  not  penetrate  the  bed.  The  clay  is  thus  confined  in  this  locality 
to  the  tops  of  the  low  hills,  and  the  total  area  imderlain  by  it  hero  is 
about  20  acres.  It  is  probable,  however,  that  the  same  bed  occurs 
in  the  surrounding  hills,  especially  toward  the  east.  The  same  bed 
is  exposed  at  the  spring  just  south  of  Mr.  Bigg's  house,  where  frag- 
ments of  lignite  overlie  it. 

The  composition  of  No.  5  of  the  section  at  Robert  Bigg's  place 
(SE.  I  SE.  i  sec.  13,  T.  2  S.,  R.  13  W.)  is  given  below. 

Analysis  of  cUuj  from  the  Bigg  place. 

[L.  R.  IxMiox.  armlyst.J 

Silica  (SiO^) iV.\.  29 

Alumina  (AL^Oa) IS.  19 

Iron  (Fe^Oa) «;.15 

Lime  (CaO) :n 

Magnesia  (MgO) 2.  W 

Manganene  (MnO ) Tnicc'. 

Potash  (KzO) r,(} 

Soda  (Na^O) TriKc. 

Water  (loss  on  ignition) 9.  47 

1(K).7I 

In  the  low  ground  about  2  miles  southwest  of  Alexander,  on  the  St. 
Louis,  Iron  Mountain  and  Southern  Railway,  potter's  clays  of  a  buff 
color  are  exposed  in  the  ditch  by  the  railroad.  This  exposure  is  at  the 
foot  of  the  railroad  grade  that  descends  from  the  summit  next  north  of 
Bryant  to  Crooked  Creek,  and  is  1  \  miles  from  Bryant.  Again, 
potter's  clay  is  reported  on  the  railroad  near  Bryant,  a  a\vc>\\,  vV\sX.%:wj,<^ 
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southwest  of  the  station.  The  well  sections  at  Bryant,  however,  do 
not  show  satisfactorily  that  such  clays  exist  there.  The  well  at  the 
Commercial  Hotel,  about  50  paces  south  of  the  railroad,  and  22  feet 
deep,  has  hard  clay  in  the  bottom,  but  it  is  not  known  whether  it  is  a 
potter's  clay.  Another  well,  22  feet  deep,  a  quarter  of  a  mile  north- 
east of  the  station,  has  lumpy  clay  in  the  bottom,  but  it  is  probably 
not  a  good  potter's  clay.  In  the  NW.  }  se<;.  24,  T.  1  S.,  R.  16  W.,  a 
well  15  feet  deep  has  10  feet  of  pipe  clay  in  the  bottom.  Nothing  is 
known  of  its  value.  In  the  SE.  }  sec.  13,  same  township,  a  well  30 
feet  deep  has  10  feet  of  ''joint  clay"  in  the  bottom. 

At  Zuber  post-office,  in  the  NE.  J  sec.  5,  T.  1.  S.,  R.  15  W.,  there  are 
two  wells.  One  in  a  depression  struck  black  shale  4  feet  below  the 
surface,  and  one  on  the  slope  above  the  sawmill  struck  black  shale  at  a 
depth  of  20  feet.  In  the  debris  from  the  latter  are  numerous  lumps 
of  potter's  clay,  resembling  that  at  Benton. 

In  the  NE.  i  NW.  J  sec.  36,  T.  2  S.,  R.  16  W.,  at  Mr.  CliflF's,  a  well 
passed  through  the  following  section : 

Secthn  of  Cliff's  well. 

Feet. 
Red  clay  and  sand 4 

Clay  with  fossil  shells 20 

Decayed  linie8U>ne 2 

The  clay  referred  to  was  not  seen  by  the  writer,  but  it  is  possible  that 
a  portion  of  the  bed,  at  least,  may  be  available  for  pottery. 

Clay  beds,  somewhat  mottled  on  their  exposed  surfaces,  occur  in 
the  NW.  1  SW.  J  sec.  19,  T.  2  S.,  R.  15  W.,  but  the  Paleozoic  rocks  are 
exposed  on  the  lower  side  of  the  hills  that  slope  to  the  north  in  this 
quarter  section.  In  the  SW.  }  sec.  20,  of  the  same  township,  a  well 
25  feet  deep  penetrates  beneath  the  topmost  4  feet  an  18-foot  bed  of 
light-colored  potter's  clay  containing  streaks  of  sand  near  the  bottom. 

A  well  40  feet  deep  in  the  middle  of  the  east  side  of  sec.  3,  T.  3  S., 
R.  16  W.,  is  said  to  be  dug  entirely  in  red  and  white  pipe  clay,  through 
which  there  is  a  single  black  streak.  No  evidence  was  found  of  clay 
farther  south  in  Saline  County  than  where  it  is  cut  in  this  well.  It 
should  be  remarked,  however,  that  no  well  sections  were  found  far- 
ther south.  The  surface  is  covered  with  fine  quartz  and  novaculite 
gravel,  which  seems  to  form  the  slope  of  the  hill  on  the  south  side  of 
the  small  creek  in  sec.  10,  T.  3  S.,  R.  16  W.  In  the  NE.  J  sec.  14  of  this 
township  16  feet  of  clay  is  also  reported  in  a  well.  This  is  in  Hot 
Spring  County. 

Between  the  county  line  and  Traskwood  and  thence  northward  on 
the  Traskwood-Benton  road  for  more  than  4  miles  the  well  sections 
show  only  sand  or  verj''  sandy  clays. 

On  Crooked  Creek  in  the  SW.  \  NE.  \  sec.  15,  T.  1  S.,  R.  14  W., 
about  three-fourths  of  a  mile  west  of  Collegeville,  there  is  an  exposure 
of  blue,  white,  and  variegated  shales. 
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SeHum  on  Crooked  Creek. 

Feet. 

1.  Surface  gravel  and  humus 3 

2.  Sandstone 1 

3.  Blue  and  white  shales  having  a  talcose  or  soapy  touch 2 

4.  Light-colored  shales,  drying  white  and  chalky 1 

5.  Blue  clay. 

All  these  shales  have  a  greasy  feel  and  very  iiiucli  the  same  appear- 
ance in  fracture  and  splitting.  No.  4  of  the  above  section  was 
analyzed  with  the  results  given  below. 

Analysis  of  shale  from  (brooked  Creek. 

[Bmckett  &  Smith.  unalystH.) 

Silica  (SiO.^) 82. 45 

Alumina  (AL^Og) 1 1. 80 

•     Iron  (ferric)  oxide  {Yefi^) 80 

Lime  (CaO) 31 

Magnesia  (MgO) 25 

Alkalis  (by  difference) 1 .  60 

Water  (loss  on  ignition  ^ 2. 79 


Wateratll0*>-115°C. 


100.00 
.21 


The  air-dried  material  contains  27.37  per  cent  of  fine  sand. 

The  following  table  brings  together  the  analyses  of  all  the  pottery 
clays  examined  from  the  different  clay  banks  at  Benton,  except  thpt 
called  kaolin  on  pages  196-197. 

Analyses  of  clays  from  Benton^  Saline  County. 


Silica  (SlOt) 

Alumina  ( AltO, ) 

Iron  (ferric)  oxide  (FejOs) 

Lime  (CaO) 

Magnesia  (MgO> Trace. 

Potash  (K»0) 

Soda(Na«0) 

Water  (UK)) 


Water  at  I10°-llo°r.. 
Sand 


Rhodon- 
l)aiigh. 

Davis. 
«i9. 95 

Hender- 
son. 

71.09 

Hicks. 

Woosley. 
B4.49 

Womaclc. 

72.44 

ft5.79 

06.23 

18.97 

22.34 

19.86 

23.92 

23.86 

22.31 

1.59 

1.44 

1.81 

1.94 

2.11 

2.12 

.18 

Tnicc. 

.11 

.23 

.31 

.92 

Trace. 

.08 

Trace. 

Trace. 

Trace. 

Trace. 

1.35 

1.28 

1.45 

1.15 

.11 

.04 

.91 

.18 

.81 

1.08 

1.82 

1.59 

5.39 

5.98 

5.07 

7.07 

8.11 

7.38 

100.  83 

1  (r2.  25 

100.80 

101.18 

100.81 

100.59 

l.W 

2. 34 

l.Wl 

1  SO 

2. 37 

7.27 

.2f) 

.4i\ 

3.13 

2  72 

.19 

(JENERAL   CONTLrsiONS. 


That  Benton  is  well  supplied  with  excellent  clays  for  the  manufac- 
ture of  the  common  grades  of  st(mevvare  and  pottery  is  a  fact  estab- 
lished by  the  experience  of  many  years.  The  clays  there  used, 
however,  have  a  much  wider  distribution  throughout  the  southern 
and  eastern  parts  of  the  county  than  seems  to  be  suspected.  They 
have  been  found  at  Bernard  F'iste's  place,  west  of  Rhodenbaugh's 
potter}',  while  tlie  great  bed  cut  in  Mrs.  Butler's  well  in  sec.  13,  T.  2  S., 
4813^;— Bull.  ;j51— 4».S 13 


194  THE   CLAYS   OF   ARKANSAS. 

R.  15  W.,  is  simply  the  southward  continuation  of  the  beds  opened 
north  of  the  railway.  The  bed  extends  around  the  hills  to  the  south, 
the  outcrop  being  in  the  faces  of  the  hills  that  look  toward  Saline 
River.  It  is  exposed  on  nearly  all  the  hillsides  on  the  old  military 
road  running  northwestward  from  Benton,  probably  extending  to  and 
beyond  the  borders  of  the  county. 

In  the  broad  bottoms  on  the  west  side  of  Saline  River  the  ''buck- 
shot clay'^  lies  beneath  the  surface  soil  and  good  clays  are  not  to 
be  expected  here  in  such  localities  within  easy  reach. 

The  Tertiary  hills  west  of  the  Saline  begin  about  the  middle  of 
the  SE.  i  sec.  20,  T.  2  S.,  R.  15  W.  The  Tertiary  clays  encircle 
these  hills  north  of  the  railway  and  west  of  the  river,  and  the  pot- 
ter\s  clays  will  probably  be  foimd  about  the  bases  of  these  hills  in 
the  vicinity  of  Traskwood,  on  both  sides  of  the  railway.  The  geology 
of  the  region  favors  the  supposition  that  the  potter's  clays  occur 
also  within  the  drainage  of  Hurricane  Creek,  in  the  southeastern 
part  of  the  county. 

Those  who  are  in  search  of  pottery  clays  in  Saline  and  adjoining 
counties  should  bear  in  mind  that  such  clays  are  at  many  places 
associated  with  leaf  and  other  plant  impressions  and  not  often  asso- 
ciated with  marine  shells.  Many  of  the  Saline  County  clays  that 
are  now  regarded  as  but  poorly  or  not  at  all  adapted  to  the  manu- 
facture of  common  pottery  need  only  more  careful  study  and  experi- 
menting to  make  them  available.  That  a  clay  can  be  used  unmod- 
ified, just  as  it  comes  from  the  pit,  is  a  mere  accident,  and  while  it  is 
a  fortunate  one,  we  should  not  be  satisfied  to  allow  an  industry  to 
depend  on  it. 

VARIETIES   OF    KAOLIN. 

SALINE    COUNTY    KAOLIN. 

The  syenite  area  of  Saline  County  lies  in  sees.  35  and  36,  T.  1  S., 
R.  14  W.,  and  in  sees.  1,2,9,10,  13,  14,  15,  16,  20,  21,  22,  23,24,25, 
26,  27,  34,  and  35,  T.  2  S.,  R.  14  W.  The  margins  of  the  crystalline 
rocks  are  covered  by  the  Tertiary  and  Pleistocene  deposits,  which 
make  up  the  remainder  of  the  county  southeast  of  the  railway  in 
Saline  County. 

The  kaolins  found  in  Saline  County  are  of  three  varieties — (1)  a 
comi)act  variety,  derived  directly  from  feldspathic  rocks  by  decom- 
position; (2)  a  pisolitic  variety,  found  associated  more  or  less  inti- 
mately with  the  bauxite  deposits,  and  (3)  a  claylike  variety  of 
sedimentary  origin,  found  at  Benton. 

The  first  two  of  these  varieties  are  not  readily  separable  and  will 
here  be  considered  together. 
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COMPACT   AND   PlSOLITrC    KAOLIN. 

Kaolin  exists  in  sees.  9,  10,  14,  15,  16,  21,  22,  23,  26,  T.  2  S.,  R. 
14  W.,  and  probably  in  other  places.  The  deposits  in  sec.  16  seem 
to  be  extensive,  for  kaolin  is  found  here  and  there  almost  all  over 
that  section.  In  the  SE.  J  SE.  i  sec.  16,  T.  2  S.,  R.  14  W.,  it  is 
exposed  on  the  eastern  side  of  a  ridge,  where  it  rests  on  syenite. 
This  deposit  has  never  been  bored  through  and  its  thickness  is 
unknown.  Messrs.  Nethercut,  the  proprietors,  have  quarried  it  on 
a  small  scale  for  building  material.  The  coarser  matter  is  used  for 
building  the  outsides  of  chimneys  and  the  finer  is  employed  for 
lining  flues  and  hearths.  In  carrying  on  these  quarrying  operations 
the  material  was  penetrated  to  a  depth  of  15  feet  near  the  upper 
edge  of  the  deposit,  but  the  kaolin  had  not  been  passed  through. 

In  the  NE.  J  SW.  i  sec.  16,  80  or  100  yards  west  of  Mr.  Sol.  Neth- 
ercut*s  house,  an  excavation  8  feet  in  diameter  and*  15  feet  deep  was 
made  for  the  purpose  of  testing  the  thickness  of  the  kaolin,  but  the 
undertaking  was  abandoned  before  the  bed  was  cut  through.  At 
Mr.  Sol.  Nethercut's  house,  near  the  northwest  corner  of  the  NW.  } 
SE.  1  sec.  16,  a  well  18  feet  deep  shows  a  face  of  10  feet  of  kaolin 
in  the  bottom  of  the  well.  This  does  not  indicate  the  thickness  of 
the  deposit  at  this  place,  as  the  digging  was  stopped  before  the 
kaolin  was  penetrated. 

KaoUn  also  overlies  the  syenite  at  many  places  in  theSW.  J  SE.  J 
sec.  16,  T.  2  N.,  R.  14  W. 

On  the  north  side  of  the  NE.  i  sec.  16  there  is  a  large  deposit  of 
kaolin  which  extends  across  the  line  into  sec.  9.  This  kaolin  varies 
somewhat  in  appearance  in  (HflFerent  positions.  That  on  the  eastern 
side  of  the  SE.  }  SE.  }  sec.  16  is  of  two  kinds.  One  bed  is  white 
or  grayish  white,  having  small  specks  and  streaks  of  a  gray  material 
scattered  through  the  white  ground  and  occasional  patches  of  iron 
stain.  The  other  contains  fewer  gray  patches,  but  is  of  a  pale  pink- 
ish or  brownish  tint.  The  pink-tinted  kaolin  generally  overlies  the 
gray  mottled  material. 

The  deposits  on  the  bank  of  the  stream  in  the  NE.  J  SW.  J  sec.  16, 
as  well  as  those  in  the  diggings  and  wells  in  this  division  of  the  land 
section,  have  generally  a  white,  chalky  appearance.  It  does  not  show 
so  much  iron  staining  or  gray  specks  as  the  material  found  in  the 
SE.  }  SE.  }.  sec.  16. 

The  deposit  found  in  the  NE.  J  sec.  16  and  the  SE.  }  sec.  9  is  a 
white  and  gray  streaked  material  very  similar  to  the  lower  gray- 
streaked  bed  in  the  SE.  \  SE.  }  sec.  16. 
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Analyses  of  kaolins  from  sec.  16,  T.  ii  S.,  R.  14  W. 


NW.  J  SE.  \. 

SE.  iSE.  i. 

4&02 

44.97 

34.18 

:«.87 

4.05 

1.34 

.20 

.25 

Faint  trace. 

Faint  trace. 

.53 

.20 

.54 

.34 

.17 

Strong  trace. 

ia82 

14.37 

99.11 

10a34 

1.46 

5.51 

Silica  (SIO,) 

Alumina  (AltOs) 

Iron  (ferric)  oxide  (Fej(>«) 

Lime  (CaO) 

Magnesia  (MgO) 

Potash  (K,0) 

Soda  (NatO) 

Manganese  (MnO) 

Water ^ 

Water  at  110°-115°  C 


The  distribution  of  pisolitic  kaolin  in  this  district  is  probably 
neariy  the  same  as  that  of  bauxite,  and  the  map  accompanying 
Dr.  C.  W.  Hayes's  report  on  Arkansas  bauxite"  shows  the  distri- 
bution of  bauxite  and  of  crystalline  rocks  in  Saline  County  so  far 
as  they  are  known.  As  in  the  other  bauxite  areas,  the  pisolitic 
kaolin  is  to  be  sought  well  below  the  surface,  where  it  is  probably  of 
better  color,  softer,  and  freer  from  iron  than  nearer  the  surface. 

TERTIARY    KAOLIN    AT   BENTON. 

Beds  of  kaolin  that  are  formed  by  the  decomposition  of  feldspar 
an*  commonly  irregular  and  pockety  in  form,  owing  to  the  irregu- 
larity with  which  the  feldspathic  rocks  decay.  After  the  rocks  have 
decomposed,  however,  the  kaolin  is  liable  to  be  washed  away,  and 
when  it  settles  to  the  bottom  of  a  body  of  water  it  will  be  spread 
out  in  horizontal  beds  like  other  sediments.  It  seems  probable  that 
some,  possibly  all,  of  the  sedimentary  kaolins  are  formed  in  this  way. 

At  Benton  two  beds  of  kaolin  are  associated  with  the  Tertiarj' 
de])()sits.  One  of  these  is  exposed  on  the  north  side  of  the  stream 
in  the  SW.  }  SW.  i  sec.  36,  T.  1  S.,  R.  15  W.,  on  the  slope  of  a  hill 
about  600  feet  northwest  of  Howe's  pottery  and  at  intervals  along 
tlio  face  of  the  hill  for  several  hundred  feet.  It  is  about  9  feet  thick 
and  looks  like  a  firm  white  clay.  Above  it  is  6  feet  of  coarse,  indu- 
rated red  sand,  and  above  this  iti  a  thin  sandy  soil. 

The  association  of  this  bed  with  the  j)ottery  clays  and  its  attractive 
appearance  have  led  to  attempts  to  utilize  it. for  making  the  ordi- 
nary coarse  pottery  usually  manufactured  at  Benton,  but  as  it 
recjuiros  treatment  different  from  that  given  the  common  pottery 
clays,  its  use  for  this  purpose  was  soon  abandoned. 
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Analysis  of  Tertiary  kaolin  from  Benton. 

[R.  N.  Brackett,  analyst.] 

Silica  (SiOz) 48.34 

Alumina  (AI2O3) 34.58 

Iron  (ferric)  oxide  (FejOj) 1. 65 

Lime(CaO) 81 

Magnesia  (MgO) Trace. 

Potash  (K2O) 44 

SodaCNajO) 1.26 

Loss  on  ignition  (water) 12. 94 

100.02 
Water  at  110°-115«»  C 2.20 

It  is  to  be  hoped  that  other  efforts  will  be  made  to  turn  this  bed  of 
kaolin  to  account.  It  should  be  remembered  that  no  kaolin  can  be 
iised  just  as  it  comes  from  the  pit;  each  one  requires  a  treatment  of 
its  own,  and  he  who  experiments  with  this  variety  until  he  under- 
stands how  to  treat  it  will  probably  be  well  rewarded  for  his  trouble. 
It  must  not  be  expected,  however,  that  a  kaolin  that  contains  so  high 
a  percentage  of  iron  will  bum  white.  If  mixed  with  a  poor  sandy 
clay  it  will  probably  make  an  excellent  pottery  clay. 

CLAY  INDUSTRY. 

Eagle  Pottery  Company, — The  plant  of  the  Eagle  Pottery  Company 
is  located  li  miles  northeast  of  Benton.  It  has  a  capacity  of  800  to 
900  gallons  daily.  Four  turners  are  employed,  some  of  whom  turn 
300  gallons  a  day.  Twenty-two  pounds  of  clay  are  used  in  a  5-gallon 
vessel  and  6i  pounds  in  a  l-gallon  vessel.  The  smaller  the  vessel 
the  more  clay  is  used  per  gallon. 

The  ware  is  burned  in  a  rotary  up-draft  kiln.  Forty-eight  hours 
are  required  to  bum  the  ware.  Twelve  cords  of  wood,  mostly  pine, 
are  used  to  each  kiln. 

The  principal  vessels  made  are  jugs,  crocks,  jars,  and  churns,  which 
contain  from  1  to  5  gallons  each.  The  unglazed  ware  bums  to  a 
beautiful  light  buff  color.     Arkansas  slip  is  used. 

The  clay  used  by  this  factory  is  obtained  in  two  places.  The 
purest  and  best  clay  comes  from  a  pit  on  the  roadside  one-lialf  mile 
south  of  the  kiln,  between  the  kiln  and  Benton.  When  fresh  the 
clay  has  a  chocolate-color,  but  becomes  white  when  dry.  It  is  plastic, 
free  from  grit  or  sand,  and  very  similar  in  appearance  to  the  clay  from 
Holly  Springs,  Miss.  It  occurs  in  large  lenses  and  is  overlain  by 
Lafayette  sands  and  gravel,  which  in  places  rest  directly  on  tlie  clay. 
In  some  places  the  stratified  sands  of  the  Tertiary  intervene  between 
the  clay  deposits  and  the  Lafayette.  The  clay,  therefore,  belongs  to 
the  older  Tertiary  sands  and  not  to  the  Lafayette.  Ijeaf  impressions 
in  the  clay  are  reported  to  be  of  frequent  occurrence. 
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The  second  locality  from  which  clay  is  obtained  is  at  the  pottery. 
This  is  a  dark-blue  stratified  clay  containing  more  or  less  sand.  An 
equal  amount  of  clay  from  the  two  localities  is  used  in  making  the 
ware. 

Benton  Brick  ManufaHuring  Company. — Bricks  are  made  by  the 
Benton  Brick  Manufacturing  Company  from  a  surficial  deposit  that 
lies  above  the  Lafayette  gravel  beds.  It  is  a  very  sandy  brick  clay 
composed  of  about  one-third  clay  and  two-tliirds  sand.  The  clay  is 
hauled  from  the  pit  to  the  pug  mill  in  wheelbarrows.  The  pug  mill 
is  nin  by  horse  power.  The  bricks  are  molded  in  a  hand  mold  and 
taken  to  a  shed,  where  they  are  dried  in  air  without  artificial  heat. 
When  the  bricks  are  sufficiently  dried  they  are  wheeled  to  a  rotary 
uj)-draft  kiln  and  burned.  The  plant  employs  eight  men  and  has  a 
capacity  of  5,000  bricks  a  day.  Five  days  and  nights  are  required  to 
burn  the  brick  and  20  cords  of  wood  are  used  to  the  kiln — 10  cords 
of  pine  and  10  of  oak.     The  clay  makes  bricks  of  poor  quality. 

SCOTT  COUNTY. 

GENERAL  GEOLOGY. 

The  geology  of  Scott  County  is  like  the  geology  of  those  parts  of 
Sel)astian  County  that  lie  below  the  coal.  The  coal-bearing  beds 
enter  Scott  County  only  through  the  parts  occupied  by  the  Poteau 
Mountains.  So  far  as  the  clays  alone  are  concerned,  however,  the  coal 
is  of  but  little  importance,  for  there  is  an  abundance  of  excellent 
clay  shale  in  the  rocks  below  the  coal. 

The  rocks  of  Scott  County  are  all  more  or  less  folded,  and  the  denuda- 
tion that  has  removed  much  of  them  has  left  the  usual  ridges  of  sand- 
stone dominating  the  valleys  cut  in  the  shales. 

In  the  northern  part  of  the  county  there  are  long,  winding  sandstone 
ridges  with  shale  valleys  parallel  to  them.  Coops  Prairie,  already 
mentioned  inider  Sebastian  County,  is  half  in  Scott  Coimty,  Coops 
Kidge  swinging  around  the  east  end  of  it.  BluflF  Ridge,  starting  a 
mile  south  of  the  eastern  end  of  Coops  Ridge,  nms  a  little  north  of 
east  for  4  miles,  to  the  toll  bridge,  then  turns  northward  for  2  miles, 
and  then  swings  eastward,  crosses  Washburn  Creek  one-half  mile 
above  the  point  where  that  stream  enters  Petit  Jean  Creek,  and  thence 
continues  eastward  and  southward  until  it  goes  nearly  around  Jen- 
u[n<r^  Hill.  Between  Jennings  llill  and  BliiiF  Ri<lge  there  is  another 
ri(l^(^  of  sandstone  that  completely  encircles  Jennings  Hill,  though 
it  is  twice  cut  hy  Petit  Jean  Creek. 

Those  ridges  of  sandstone  are  mentioned  only  for  the  purpose  of 
(liiccting  tittenticm  to  the  shale  beds  that  accompany  them,  for  the 
valleys  between  are  made  uj)  for  the  most  part  of  shales  which  are  here 
argillaceous  and  there  sandy.  Washl)urn  Creek,  just  north  of  Pine 
Log  iiidge,  in  the  extreme  northern  end  of  Scott  Ccmnty,  flows  along 
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one  of  these  shale  valleys.  East  of  the  mouth  of  Washburn  Creek 
this  same  shale  valley  continues  past  Barber  post-office  into  Logan 
County,  South  of  Pine  Log  Ridge  another  long  but  narrow  valley 
crosses  this  end  of  the  county.  Still  farther  south  is  Bluff  Ridge, 
already  mentioned.  The  valley  south  and  east  of  Bluff  Ridge  is  a 
remarkable  one.  Geologically  it  begins  on  the  headwaters  of  Little 
Petit  Jean  Creek,  southwest  of  the  toll  bridge,  passes  northward  by 
way  of  Crow  post-office,  then  turns  eastward  to  the  mouth  of  Wash- 
bum  Creek,  extends  down  Petit  Jean  Creek  to  the  point  where  it  cuts 
through  Bluff  Ridge,  and  there  swings  southward  and  .westward  past 
the  town  of  Belva.  Here  it  forks,  one  part  passing  westward  toward 
Crow,  the  other  swinging  southward  and  eastward,  where  it  runs 
along  the  north  base  of  the  Poteau  Mountains.  Everywhere  through- 
out this  valley  are  shales,  some  of  them  clay  shales  and  others  more 
or  less  sandy.  Another  shale  valley  runs  completely  around  Jennings 
Hill. 

The  Poteau  Mountains  themselves  are  made  up  of  shales  and 
sandstones  that  are  higher  in  the  geologic  series  than  the  rocks  of  the 
lower  lands  both  north  and  south  of  them.  Near  the  base  of  the 
southern  slopes  of  Poteau  Mountain  there  is  a  series  of  parallel  ridges 
and  valleys.  These  ridges  are  of  sandstone  again  and  the  valleys 
between  are  in  shales.  Beginning  at  the  Indian  Territory  line  in  sec. 
31,  T.  3  N.,  R.  32  W.,  one  of  these  shale  valleys  passes  just  north  of 
Gipson  post-office  and  just  north  of  the  town  of  Cauthron,  and  so  on 
eastward  to  the  valley  of  Self  Branch,  5  miles  north  of  the  town  of 
Waldron.  South  of  the  Poteau  River  the  region  both  north  and 
south  of  Walker  Mountain  is  made  up  of  a  series  of  sandstone  ridges 
and  shale  valleys.  The  sandstones  predominate  here,  however,  and 
the  shales  do  not  form  such  thick  beds  as  they  do  north  of  the  Poteau 
Mountains  or  in  the  region  about  and  south  of  Waldron. 

The  town  of  Waldron  stands  in  a  broad  shale  valley  which  passes 
4  or  5.  miles  east  of  the  town  and  then  bends  northward  and  westward 
and  swings  back  so  as  to  form  one  of  the  set  of  valleys  parallel  with 
Poteau  Mountain  along  its  south  side.  A  mile  south  of  Waldron  is  a 
sandstone  ridge  that  extends  a  few  miles  farther  west  and  bends  north- 
ward, ending  in  a  low,  hooked  ridge  about  2  miles  west  of  the  town. 
East  of  Waldron  this  same  ridge  continues  for  several  miles  along  the 
north  side  of  the  upper  part  of  Poteau  Creek.  South  of  this  sand- 
stone ridge  is  a  broad  shale  valley  through  which  runs  Haw  Creek  and 
the  headwaters  of  Poteau  Creek.  South  of  this  is  a  series  of  parallel 
ridges  of  sandstone,  the  most  prominent  of  which  are  Piney  Mountain 
and  Ross  Mountain.  The  shales  interbedded  with  these  sandstone 
beds  are  not  very  thick,  but  many  of  them  are  available  for  the  manu- 
facture of  clay  goods.  One  of  ttie  most  promment  of  these  valleys  is 
that  along  which  Ross  Creek  flows.  This  is  a  shale  valley  about  1 1 
miles  in  length. 
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CLAY  DEPOSITS. 

Over  the  whole  of  the  valley  regions  of  Scott  County  ordinary  brick 
clays  occur  in  the  form  of  loam  or  buckshot  clays.  In  many  places 
this  brick  loam  is  from  2  to  6  feet  thick.  It  is  often  high  in  iron, 
however,  and  the  brick  made  of  the  clays  containing  much  iron  are 
likely  to  be  covered  with  dark  brown  or  black  spots,  and  the  bricks  as 
a  whole  usually  have  a  dark  color.  These  clays  are  especially  abun- 
dant in  the  upper  bottom  lands  of  Poteau  River,  from  the  point 
where  it  enters  Oklahoma  up  to  and  east  of  Waldron.  They  occur 
also  along  Black  Fork  of  Poteau,  along  Ross  Creek,  and  in  the  broader 
parts  of  the  valley  of  Fourche  La  Fave  River.  North  of  Poteau 
Mountain  similar  clays  are  found  in  the  upper  bottoms  of  all  the 
streams,  but  especially  in  those  of  Petit  Jean  Creek  and  its  principal 
tributaries,  and  along  Little  Washburn  Creek. 

No  establishments  of  any  kind  in  Scott  County  are  engaged  in  the 
manufacture  of  clay  products. 

SEBASTIAN   COUNTY. 

CLAY  DEPOSITS. 
CLASSES    OF   DEPOSITS. 

So  far  as  the  actual  development  of  the  clay  manufacturing  interests 
are  concerned  Sebastian  is  one  of  the  most  important  counties  in  the 
State.  This  development  could  not  have  taken  place,  of  course,  if  the 
geology  of  the  county  had  not  been  favorable  to  the  building  up  of 
the  clay  industries;  but  the  fact  should  not  be  overlooked  that  so  far 
as  geology  alone  is  concerned  several  counties  in  the  State  are  as  well 
provided  with  valuable  clays  and  clay  shales  as  is  Sebastian  County. 

The  geologic  structure  of  Sebastian  County  admits  of  clays  and 
clay  shales  occurring  (1)  as  shales  in  place  in  the  uplands  of  all  parts  of 
the  county;  (2)  as  residuary  clays  in  the  uplands  derived  by  disinte- 
gration from  the  Paleozoic  shales ;  (3)  as  clays  in  the  **  second  bottoms  " 
or  the  elevated  Pleistocene  terraces  that  follow  the  general  course  of 
the  river  bottoms;  (4)  as  clays  in  the  alluvial  deposits  of  the  river 
bottoms. 

SHALES. 

The  rocks  of  Sebastian  County  all  belong  to  the  Carboniferous, 
except  the  clays  and  alluvial  deposits  along  the  Arkansas  River 
bottoms.  There  is  but  little  variation  in  the  older  rocks  of  this 
county.  They  consist  of  sandstones,  shales,  fire  clays,  and  coal.  It 
has  already  been  pointed  out  in  the  chapter  on  general  geology  that 
the  sandstones  and  shales  were  originally  dej)osited  in  water  as  hori- 
zontal beds  of  sediments,  and  that  vegetation  growing  in  marshes 
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afterwards  became  coal.  Subsequently  all  these  beds  have  been 
pressed  into  folds,  lifted  into  dry  land,  and  in  many  places  worn  away. 

The  sandstones  are  in  some  places  coarse  enough  to  be  considered 
grits  or  conglomerates,  wliile  the  shales  in  places  grade  over  through 
sandy  shales  to  fine  sandstones.  The  coal  ig  confined  to  the  upper 
portion  of  the  Carboniferous  rocks  in  Sebastian  County,  but  the  clay 
shales  cover  a  larger  area  than  the  coal. 

The  sequence  of  the  rocks  varies  from  place  to  place  owing  partly  to 
the  fact  that  the  folding  and  erosion  of  the  beds  has  left  one  set  of  beds 
at  the  surface  at  one  place  and  another  set  at  another.  Moreover,  the 
horizontal  variation  of  the  beds  or  the  grading  of  fine  sediments  into 
coarser  ones  results  in  a  variation  in  the  sequence  of  the  beds,  espe- 
cially when  the  sections  considered  are  several  miles  apart. 

In  the  process  of  denudation  (the  weathering  and  breaking  up  of 
the  rocks  and  their  removal  by  streams)  the  shales  decompose, 
readily  forming  clays,  while  the  sandstones,  as  a  rule,  are  more  resist- 
ant. The  result  is  that  the  valleys  are  usually  cut  in  the  shales, 
while  the  sandstones  are  left  capping  the  hills  if  the  beds  are  horizon- 
tal or  forming  long  winding  ridges  if  the  beds  are  folded.  In  Sugar 
Loaf  Mountain  and  in  Jennings  Mountain  the  beds  are  nearly  hori- 
zontal, and  these  mountains  are  capped  with  sandstone,  while  in  the 
long,  narrow  ridges,  like  Long  Ridge,  just  north  of  Jenny  Lind;  Sand 
Ridge,  running  from  Hackett  City  to  Greenwood;  Nigger  Ridge, 
southwest  of  Huntington,  and  Devils  Backbone  Ridge  and  the  other 
parallel  ridges  south  of  Greenwood,  the  resisting  beds  are  sandstones 
that  have  been  thrown  into  folds  and  then  eroded.  Inasmuch  as  the 
clay  shales  are  interbedded  with  the  sandstones  the  valleys  curve 
with  and  follow  the  ridges,  and  it  is  in  the  valleys  that  the  shales  arc 
usually  found.  At  some  places  the  shales  are  decomposed  into  soft, 
plastic  pottery  clays,  as  noted  later,  but  more  frequently  they  are 
compact,  or  fissile,  breaking  up  under  the  influence  of  the  weather 
into  small,  angular  fragments. 

One  of  the  most  important  manufacturing  interests  of  the  State  is 
based  on  the  clay  shales  of  the  coal-bearing  rocks  of  Sebastian  County, 
which  are  used  in  the  manufacture  of  paving  bricks.  This  industry 
began  under  circumstances  not  without  interest.  In  1889  the  citizens 
of  Fort  Smith  had  under  consideration  the  paving  of  their  streets,  and 
the  State  geologist  of  Arkansas  received  a  letter  from  Harry  E. 
Kelley,  the  chairman  of  the  paving  committee,  asking  his  advice  in 
.regard  to  the  best  clay  of  the  region  about  Fort  Smith  for  the  manu- 
facture of  paving  bricks.  The  vState  geologist  visited  Fort  Smith  and 
examined  the  clays  and  clay  shales  near  that  city.  He  found  that 
attempts  had  been  made  to  manufacture  paving  bricks  from  the 
sandy  clays  and  loams  of  the  river  terraces,  l)ut  these  l)ricks  were,  of 
course,  too  soft  to  be  available  for  paving  streets.     It  was  pointed  out 
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to  the  committee  tliat  the  clay  shales  in  the  vicinity  of  the  city  were 
well  adapted  to  the  manufacture  of  paving  bricks.  This  opinion  was 
supj:)orted  by  analyses  made  by  the  State  Geological  Survey,  and 
later  by  practical  tests  made  by  brick  manufacturers. 

The  following  letter  was  addressed  to  the  paving  committee  after 
the  examination: 

Dear  Sir:  At  the  request  of  the  paving  committee  of  your  board  of  commerce  I 
have  made  a  cursory  examination  of  the  material  in  the  immediate  vicinity  of  Fort 
Smitli  with  a  view  to  ascertaining  its  availability  for  the  manufacture  of  paving  brick. 

The  (^laya  and  clay  shales  about  Fort  Smith  available  for  the  manufacture  of  bricks, 
tiles,  pottery,  etc.,  belong  to  two  distinct  geologic  ages.  To  the  newer  division 
belong  the  yellowish,  reddish,  and  dove-colored  loams,  clays,  and  sandy  clays  which 
underlie  almost  all  the  plain  upon  which  the  city  of  Fort  Smith  is  built. 

Th(i  bricks  now  made  at  Fort  Smith  are  made  either  from  the  uppermost  of  these 
beds  or  from  a  mixture  of  this  and  the  one  just  beneath  it,  as  is  now  practiced  at  Pen- 
die  ik  Morrison's  brickyards. 

In  some  of  the  deeper  hollows  there  are  later  deposits  of  chocolate-colored  clay 
which  by  the  admixture  of  organic  matter  has  been  changed  to  a  deep  black  soil  at 
the  surface.     An  analysis  of  a  similar  clay  from  near  Dardanelle  is  given  below. 

The  other  class  of  material  which  is  available  for  the  manufacture  of  pottery,  bricks, 
tiles,  etc.,  is  a  clay  shale  belonging  to  the  Carboniferous  series  of  rocks.  These 
shales  are  interstratified  with  sandstones  and  other  rocks  of  the  coal  measures  and  are 
probably  widely  distributed  through  Sebastian  and  adjoining  counties.  The  clay 
said  to  have  been  taken  fn)m  Crawford  County  to  the  brickyards  of  Pendle  &  Morri- 
son for  testing  is  simply  a  disintegrated  clay  shale.  The  light-colored  and  mottled 
clays  ov(5rlying  the  sandstones  of  Harding  &  Boucher's  quarry,  a  couple  of  miles  south 
of  Fort  Smith,  are  also  disintegrated  clay  shales.  An  extensive  exposure  of  such 
shales,  however,  occurs  much  nearer  the  city.  On  the  public  road  leading  south 
from  Fort  Smith  and  about  600  feet  south  of  the  crest  of  what  is  popularly  known  as 
Nigger  Ilill  the  ditches  beside  the  road  have  exposed  a  thickness  of  10  or  15  feet  of 
friable  (^lay  shales.  This  shale  bed  is  capped  by  a  stratum  of  sandstone,  but  its  base 
is  not  exposed.  It  will  be  found  to  extend  around  the  hills  on  both  sides  of  the  road, 
and  there  can  be  no  question  of  its  great  abundance  both  at  the  locality  mentioned 
and  in  the  continuation  of  the  bed  anmnd  the  sides  of  the  hills. 

Following  is  an  analysis  of  the  clay  shale  from  Nigger  Hill,  in  the  vicinity  of  Fort 
Smith: 

Analysis  of  clay  shale  from  Nigger  Hill. 

[Specimen  dried  at  IIO^-IIS*  C.    Brackett  &  Smith,  analysts.] 

Silica  (SiOa) 58.43 

Alumina  (AI0O3) 22.50 

Ferric  oxide  (Fe^Og) 8.36 

Lime  (CaO) 32 

Magnesia  (MgO) 1. 14 

Potash  (K,0) 2. 18 

Soda  (Na,6) 1.03 

Sulphur  (S) 16 

Loss  un  ignition 6. 87 

100.99 

Sand  ill  air-dried  specimen 25. 72 

Wat  er  at  1 10°-115°  C 3. 37 
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The  clay  shales  spoken  of  as  cropping  south  of  the  city  would,  of  omirjo.  havo  to  l»o 
ground  before  they  could  be  used  for  the  manufacture  of  either  iH>nory  or  bricks, 
but  in  view  of  the  nature  of  these  cla\-a,  the  ea^^e  with  which  they  m^n  1h»  d»ig  and 
ground,  and  the  extent  of  the  beds,  it  would  seem  verj-  desirable  that  tlumnigh  pra*^ 
tical  tests  should  be  made  of  this  material  and  of  its  a>^lability  for  making  |HUtory, 
tiles,  retorts,  fire  bricks,  and  paWng  bricks.  It  will  doubtless  l>e  found  lUMvssary 
to  mix  with  this  material  a  certain  proportion  of  tlie  sandy  claj*s  si>  abundant  all 
about  Fort  Smith,  but  a  practical  brickmaker  can  rea<lily  dotermino  thost*  prD^ntr- 
tions  by  a  few  trials. 

I  do  not  think  there  can  be  any  doubt  about  the  formations  spoken  of  alH>vo  fur- 
nishing excellent  material  for  the  manufacture  of  paving  bricks,  iK>ttery.  tiles, 
etc.    *    *    * 

Trusting  that  these  clays  and  clay  shales  may  receive  from  our  citizens  the  atten- 
tion to  which  tliey  are  justly  entitled,  I  remain. 
Very  respectfully, 

J.  (\  Bran  NEK,  Stotv  (icoloijist. 

The  analj^ses  showed  the  shales  to  be  available  for  the  niaiiufac- 
ture  of  paving  bricks,  and  practical  tests  bore  out  these  n^sults  and 
predictions. 

Samples  of  the  shale  were  also  sent  for  testing  to  the  Brick  and 
Terra  Cotta  Manufacturing  Company,  of  St.  Joseph,  Mo.,  and  the 
results  obtained  were  favorable. 

Specimens  were  also  taken  from  the  property  of  the  Oak  Park 
Land  Company  in  the  SE.  J  NW.  J  sec.  35,  T.  9  N.,  R.  32  W.,  and 
shipped  for  testing  to  the  Tennessee  Brick  Manufacturing  Company, 
at  Memphis.  The  following  letters  were  received  by  Mr.  May  in 
regard  to  these  tests: 

Memphis,  Tenn.,  AmjuM  10,  l^fi'j. 

N.  May,  Esq.:  In  regard  to  the  manner  in  whi(!h  the  bricks  wore  made  from  tlu? 
samples  of  Fort  Smith  clay  or  shale,  will  say:  Each  sample  was  separately  pulvc^r- 
ized,  pugged,  and  molded  by  hand,  the  oldest  and  most  crude  method  known  for 
making  bricks.  With  proper  appliances  for  making  and  burning  it  would  pro<luc'e 
a  brick  not  surpassed  anywhere  in  the  country  for  Htrength  and  durability  and  Huil- 
able  for  any  purj)ose  where  the  best  bricks  are  required.  It  will  a<lrnit  of  nipicl 
drying  without  cracking. 

Very  truly,  yours,  Harry  }AvA\v.,  SnynmlnuUut. 

Memphis,  Ten.n.,  Auffvjtt  l.i,  ISHU. 
Mr.  Noel  May. 

Dear  Sir:  The  tests  that  I  have  made  of  the  new  Fort  Smifli  brirk  hIiow  M'vy 
excellent  results.  Tlie  samples  made  of  mixed  day  are  tlio  bcr«t.  Tbr*  iinuiixi-d- 
clay  samples  are  very  grxxl  building  brick,  suitable  for  sewern  and  foiindarioriH,  nf  rout', 
dense,  and  heavy.     They  will  be  durable  in  any  i>osition. 

Tlie  samples  made  of  mixed  clay,  the  two  kinds  being  combined  in  iiboiit  cijunl 
quantities,  show  remarkable  strength  and  toughness.  I  ma^le  the  piTcu^yion  K-.-f 
on  three  samples  and  at  the  same  time  on  oi>e  of  the  \V*;st  Virginia  brirk,  -junc  ;i- 
we  used  on  North  and  Ea'-t  Court  streeti^.  Tlie  Fort  Smith  samples  w«'re  fully  if^jiial, 
and  I  think  rather  superirir,  to  the  West  Virginia,  showing  lej-s  abrasion  and  br— . 
granulation. 

I  hope  you  will  continue  your  experiments^  in  mixing  varying  rpjantitie^'  of  fbe 
different  clays  until  you  have  the  stronger^t.  Tben  you  will  liav#:  a  -uji^'rior  paving 
brick. 

Tnilv.  vour-i,  Vv.  S .  N\\\.\.v.v.. 
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By  the  month  of  November,  1889,  W.  A.  Doyle  was  using  the 
Nigger  Hill  clay  shales  at  Fort  Smith  in  the  manufacture  of  paving 
bricks.  The  business  succeeded  from  the  outset,  and  there  was  soon 
built  up  at  that  place  a  large  and  prosperous  business  in  the  manu- 
facture of  paving  and  building  bricks  from  the  shales. 

Two  analyses  are  here  given  of  the  Fort  Smith  clay  shales,  and  for 
purposes  of  comparison  analyses  of  the  well-known  Carboniferous 
shales  of  Akron.  Ohio,  and  of  Cheltenham,  Mo.,  are  added. 

Analyses  of  clay  shales. 
[Specimens  dried  at  110°-115°  C.    Brackett  &  Smith,  analysts.] 


Silica  (SiOa) 

Alumina  (AlaOs) . 

Iron  (FeaOs) 

Lime  (CaO) 

Magnesia  (MgOj . 
Potash  (KjO)... 

Soda  (Na-O) 

Sulphur  (S) , 

Loss  on  ignition . 


Sand 

VVateratllOM15°C. 


Fort  Smith. 


Harding  & 

Boucher's 

quarry. 


67.10 

2a  74 

8.18 

.53 

1.04 

L53 

.87 


7.21 


100.20 

.12 

4.24 


W.  A. 
Doyle's 
paving- 
brick  kiln. 


58.43 

22.50 

8.36 

.32 

1.14 

2.18 

L03 

.16 

6.87 


100.99 

25.72 

3.37 


Akron. 
Ohio. 


60.05 
2a  00 
6.82 
.52 
.45 
L79 
L60 
L05 
6.96 


ioai4 

29.12 
L25 


Chel- 
tenham, 
Mo. 


54.92 
22.71 
9.81 
.52 
2.50 
3.16 


&88 


ioa2i 

2.04 
2.69 


These  Carboniferous  shales  outcrop  at  many  places  in  the  vicinity 
of  Fort  Smith  and,  indeed,  in  all  parts  of  Sebastian  County.*  They 
are  exposed  at  W.  A.  Doyle^s  paving-brick  factory  between  Towson 
and  Wheeler  avenues.  Fort  Smith;  at  Harding  &  Boucher's  quarry 
in  the  northeast  corner  of  the  SW.  i  sec.  28,  T.  8  N.,  R.  32  W.;  and 
immediately  across  the  Texas  road  from  Harding  &  Boucher's  quarry, 
on  the  railway  track  running  through  the  SE.  J  sec.  20  and  the  NE.  \ 
SE.  \  sec.  29  of  the  same  township  and  range.  They  are  also  seen 
in  a  railway  cut  on  the  lands  of  the  Oak  Park  Company  in  the  SE.  \ 
NE.  J  sec.  35,  T.  9  N.,  R.  32  W.  At  all  these  places  the  shales  have 
disintegrated  and  formed  a  clay.  A  well  on  the  Adams  lot,  in  the 
NE.  }  SW.  }  sec.  15,  T.  8  N.,  R.  32  W.,  shows  a  section  of  this  clay 
10  feet  thick.  At  Harding  &  Boucher's  quarry  the  clay  formed 
from  the  disintegrated  shale  has  a  thickness  of  6  feet,  and  in  the  rail- 
way cut  through  sees.  20  and  29  a  thickness  of  3  feet  is  visible. 
The  analysis  of  the  Harding  &  Boucher  shales  is  given  above. 

There  are  exposures  also  in  the  banks  of  a  small  stream  near  Now- 
land's  spring,  in  the  NE.  \  NE.  }  sec.  34,  T.  9  N.,  R.  32  W.  In  the 
SW.  }  NE.  i  sec.  9,  T.  8  N.,  R.  31  W.,  near  the  center  of  the  section, 
and  in  the  SW.  J  SW.  i  sec.  7,  T.  7  N.,  R.  31  W.,  and  in  a  cutting  on 
the  Little  Rock  road  in  the  SW.  }  SE.  J  sec.  15,  T.  8  N.,  R.  32  W., 
similar  shales  are  exposed.     In  these  sections  the  shales  are  overlain 


<'  The  notes  on  the  occurrence  of  shales  aV)OUt  Fort  Smith  are  by  William  Kennedy. 
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by  grayish-brown  sandsione,  and  nMnin  thoir  sitaly  oh^r^^-^if^r  in  ;ii 
greater  or  less  degree  acconUng  to  tho  prottviion  srivon  U>  thorn  hv  iho 
overlying  sandstone. 

In  the  section  at  Xowland's  spring  the  hhilT  is  |m^t«vt<Hl  hy  a  ^^^v^r- 
ing  of  graWsh-brown  sandstone  alnnit  4  fivt  thiok.  ^Pht^  sl^i^W 
immediately  under  the  sandstone  are  black.  hartL  and  somewhat 
arenaceous.  Thin  beils  of  in>n-stainoil  quart/,  run  thnui^chout  the 
upper  10  feet  of  the  shales.  Below,  whore  lht\v  an^  expt^sed  to  the 
action  of  the  waters  of  the  stream,  the  shales  form  a  sofl»  hluo  olay 
like  material.  These  blue  shales  are  about  4  feet  thiek  aiul  overlie  a 
series  of  soft  black  shales. 

In  the  bluff  overlooking  Arkansas  River  in  the  wSW.  J  NK.  \  s!H\  \\K 
T.  8  X.,  R.  31  W.,  near  the  center  of  the  seetion,  the  eoverinf*  is  a 
heavy  bed  of  brownish  sandstone  7  feet  thiek.  The  shales  IteniMit  h  an* 
light  yellow  for  5  feet  immediately  below  the  sandstone,  and  l\  Uh^I 
of  soft  black  shales  are  exposed  below  the  yellow. 

The  quantity  of  talus  along  the  bluff  is  so  grcMit  that  the  sludc»N  iirc* 
almost  everyw^here  covered  up.  In  the  se<*tion  shown  at  the  end  ot 
the  bluff  in  sec.  19  the  sandstone  projects  about  7  feet  heyond  tin* 
underlying  shales. 

The  following  is  a  section  at  the  en<l  of  thc^  blulf  in  the  SW.  J  NW.  I 
sec.  19/T.  8X.,  R.  31  W.: 

Section  in  hi i iff  of  ArknuHtiH  Kivtr. 

I'IM't. 

Brownish,  heavily  be<l<le<l  HaiHlstnnc ,,  '/ 

Soft,  friable,  ye}lr)wiHh  Khah*.  with  whitinli    hfrfakH   in    I  lie   u|)|i<'r 

division U 

Black    shale  somewhat   hanif^r    than   ihc   yellow,   ini'l   i(tu\',i'\u\u^ 

some  re<l  streaks ;{ 

Talus  (.-overing  l)lac'k  Hhah'H  to  th<*  h-v^-l  of  fh*-  rivi-r,   .  IMi 

A  section  in  the  SW.  }  SW.  }  s<t.  7,  T.  7  \.,  K.  :'/)  \V,,  ^iv<'«  lh<» 
following: 

Sf.rtum  in  SW.  \  SW.  •.*//.  V,  T.  /   V     IS.  .H  W 

Saniistones 7 

Yellow  shaUrr.  i^fh  wh'-r'r  *'X[^  *-<"!  m.')  i',Ttiiit>'/  'i.if^  .*W'.f.  *\a:              \ 

Blar-k.«hal^ iO 

^liAsomirt */ 

Blue  rfial** 'h 

Black  >h»l<>. 

The  blarrk  r-hal^-  Wiw^  at  'h^  r^a-^-  '.f  'h/  'u\  ,f?.-.  .;.  .•>•/  \U /\  <  ' 
R.  31  W..  and  lu  -r/-^-.  24.  J^/.  iJ.  ^'  Zl  y.u^'.  2<  'I  >  S\,  ll  '/,i  tV  ,  //r* 
the  north  sidf:  of  M;t---A.":  P:;i*;,'  ;&;.'.  .r.  -^^  ^  'I  7  .*.*  ,  M  y,\  %%'  '/^ 
the  soatb^ra.<?t  ri':'-  of  ^:.'-  ',,:>.,:.'-.  ;ir<  *.'.«  •>.'.:.<■  '/'/;•  'A',y.  v./;/  ;/^*rf« 
under  ilAj^^s^ri  V:^^. r. --  .:.  >^:  >., : .'. v ■. *  :  \i  //.:." y. .  v /..*.', r .  ','  r  / v/  .-, '.-*;> y. 
are  also  s^^r.  *•  ^  f--v.  ;,.;&/-•  -. ',«-r.''  Vf^-  ;«.".  '^--/^  >,.'.-.  ',- ^  ',-  'r;', 
smaller  »t r^*:.'--t  r.-*.  * «:  ^  ,  •  :',•.;.  *.'.-',,/".'  ^ '. /  %'.',,.'./  .  < . ..'/  w 
prairie  »«L 
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Wherever  the  shales  are  exposed  they  rapidly  disintegrate  and 
form  a  stiff  clay,  having  approximately  the  colors  of  the  shales  from 
which  the  clay  has  been  formed. 

The  following  is  a  section  at  Doyle's  paving-brick  factory : 


Section  at  Doyle^s  paving-brick  factory. 


Foot. 


Red  sandy  clay  containing  waterwom  pebbles  in  considerable 
quantities 2 

Blue  and  black  shales  interstratified  and  inclosing  some  thin  beds 
of  red  arenaceous  shale 25 

Sandstone  at  the  base. 

In  this  section  the  gravel  and  clay  overlying  the  shales  have  par- 
tially obstructed  the  work  of  disintegration,  so  that  the  shales  have 
not  yet  completely  disintegrated.  The  softer  blue  shales  have  for 
the  most  part  disappeared  in  the  clay,  but  the  harder  black  and  red 
shah^s  still  remain  in  their  shaly  form,  although  somew^hat  soft  and 
easily  crushed. 

Wherever  the  shales  have  been  exposed  by  the  removal  of  the 
overlying  sandstones  and  gravel  they  readily  lose  their  shaly  char- 
actor  and  assume  the  condition  of  a  plastic  clay,  having  the  color  and 
position  in  the  series  of  the  shales  from  which  they  are  derived. 

At  Harding  &  Boucher's  quarry,  IJ  miles  south  of  Fort  Smith,  in 
the  northwest  comer  of  the  SW.  J  sec.  28,  T.  8  N.,  R.  32  W.,  the 
surface  material  consists  of  about  6  feet  of  disintegrated  shales, 
which  rests  on  .  the  sandstone  of  the  quarry.  These  shales  have 
disintegrated  and  formed  a  gray  mottled  clay.  In  the  lower  part  of 
the  bed  the  disintegration  is  not  always  complete  and  fragments  of 
shale  are  scattered  through  the  clay.  Analyses  of  these  clays  and 
shales  are  given  below. 

The  shales  exposed  along  the  Missouri  Pacific  Railway  track 
through  the  SE.  i  sec.  20,  T.  8  N.,  R.  32  W.,  are  in  the  same  disinte- 
grated and  clayey  condition  as  those  seen  higher  up  the  hill  at 
Harding  &  Boucher's  quarry. 

Analyses  of  argillaceous  shales  from  Fort  Smith. 
ISpeeimcn  dried  at  110M15®  C.    Brackett  A  Smith,  analysts.] 


Silica  (SiOj) 

Alumina  (AljO.i) 

Ferric  oxiflo  (Fc^Os) 

Lim«^  (CaO) 

Mapriosia  (MgO) 

Potash  (KiOi 

Soda  (XaoQ) 

Sulphur  (S) 

Loss  on  igniitioii  (water) . 

Sand  in  air-dry  specimen. 
Water  at  110°-112°C 


'^ifr 

Harding 
2. 

&  Boucher's  quarry. 

1. 

3- 

4. 

58.43 

22.  5() 

8.36 

.32 

1.14 

2.18 

1.03 

.16 

6.87 

100.  JK) 
25  72 
3.37 

57. 10 

2.J.74 

8.18 

.53 

1.04 

L.-iS 

.87 

65.12 
19.05 
7.66 
.34 
.31 
1.23 
.85 

42.12 

18.84 

26.35 

28 

74 

1.10 

1  85 

7.21 

100.20 

76.40 

4.24 

6.12 

8  77 

100.68 

21.88 

4.79 

ai9 
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The  Nigger  Hill  shale  is  from  the  paving-brick  kiln  of  W.  A.  Doyle 
on  Towson  road,  Fort  Smith;  the  other  three  are  from  Harding  & 
Boucher's  quarry  in  the  northwest  comer  of  the  NW.  J  sec.  28,  T.  8  X., 
R.  32  W.  Sample  2  is  from  the  gray  clay  about  3  feet  below  the 
surface;  sample  3  is  from  the  yellow  mottled  with  red;  and  sample 
4  is  from  the  undecomposed  shale  next  to  the  sandstone  beneath. 

It  is  not  possible  to  specify  all  the  places  at  which  clay  shales 
available  for  the  manufacture  of  bricks,  sewer  pipe,  and  similar 
products  may  be  found  in  Sebastian  County.  They  are  associated 
with  the  coal  at  many  places  in  the  coal  mines.  Many  of  tiie  clays 
that  lie  inunediately  beneath  the  coal  arc  available  as  lire  clays. 

A  specimen  of  gray  clay  from  KcKenna's  quarry,  near  Hackett 
City,  was  sent  in  by  Mr.  Ed.  McKenna.     The  analysis  is  given  below. 

Analysis  of  gray  clay  from  McKenna'' s  quarry  ^  at  Hackett  City. 

[Material  dried  at  110°-115°  C.    R.  N.  BrackeU.  analyst.] 

Silica  (SiOj) 54.13 

Alumina  (AI2O3) 30. 69 

Ferric  oxide  (FejOg) 3. 15 

Manganese  oxide  (MnO) Trace. 

Li  me  ( CaO ) f  )3 

Magnesia  (Mgl)) 91 

Potash  (KaO) 49 

Soda(Na20) 2.01 

Loes  on  ignition 8. 54 

100.58 
'     "Water  at  110°-115°C 4.82 

At  the  Hartshorn  coal  mine,  4  miles  south  of  Fort  Smith,  is  a  bed 
of  dark-gray  shale  4  feet  thick.  A  sample  was  sent  to  the  Survey 
by  Mr.  W.  A.  Doyle,  of  Fort  Smith,  and  analyzed,  with  the  results 
given  below.  The  relation  of  this  shale  to  the  coal  at  the  mine  is 
not  stated. 

Analysis  of  shah  from  the  Uartshom  coal  viine. 
[Material  dried  at  110°-115°  C.     R.  N.  Krark.'tt.  analyst. 1 

Silica  (Si02> 70.83 

Alumina  ( Alpg) 17. 49 

Ferric  oxide  ( FtsOg) .'      3.  04 

Magnesia  ( MgO ) 91 

Potash  (K2O; 25 

Soda  (NaP) 1 .  72 

L08B  on  ignition 4. 95 

09.  79 
"Water  at  110°-151°  C 76 

The  region  about  Mansfield  may  be  taken  as  a  type  of  the  topog- 
raphy and  geology  of  most  of  the  country  south  of  Fort  SyclyIVv.    Ttvfe 
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accompanying  section  (li<i:.  17),  by  Professor  Purdue,  shows  the  general 
character  of  the  geology  and  the  relation  to  each  other  of  the  shales 
and  sandstones  of  the  region.  There  are  long  parallel  ridges  of  sand- 
stone with  shale  valleys  between.  The  shales  are  at  some  places 
so  interbedded  with  sandstcmes  that  they  are  hardly  available  for 
manufacturing  purposes  on  a  large  scale,  but  for  the  most  part  they 
fonn  beds  of  enormous  thickness  and  of  a  composition  suitable  for 
making  paving  bricks,  sewer  pipe,  and  fire-clay  goods.  Just  north 
of  Mansfield  the  heavily  shaded  area  in  the  section  represents  the 
clay  shales  used  by  the  Choctaw  Pressed  Brick  and  Terra  Cotta 
Company. 

One-half  mile  south  of  the  town  an  almost  unbroken  ridge,  known 
as  Coops  Ridge,  incloses  a  small  circular  valley.  The  ridge  is  made 
up  of  sandstones  that  dip  southward  on  the  south  side  and  north- 
ward on  the  north  side;  in  other  words.  Coops  Ridge  surrounds  a 
small  anticlinal  valley,  called  Coops  Prairie.  Inside  of  this  valley 
are  thick  beds  of  clay  shales  that  are  probably  available  for  the  manu- 
facture of  various  kinds  of  clay  goods.  The  valley  between  Coops 
Ridge  and  the  town  of  Mansfield  is  more  than  a  quarter  of  a  mile 


Fig.  17.— North-south  section  showing  structure  and  relative  positions  of  the  shales  and  sandstones 
from  Coops  Ridge  to  Salem,    sh,  Shale;  ss,  sandstone. 

wide  and  is  cut  in  shales  that  extend  westward  to  Cherokee  Prairie 
and  then  swing  back  eastward  around  the  south  side  of  Coops  Ridge 
and  form  the  broad,  open  valley  that  lies  about  the  village  of  Fuller, 
in  Scott  County,  and  extends  a  mile  east  of  it,  and  then  swing  west- 
ward again  and  around  to  Mansfield.  North  of  Black  Jack  Ridge 
is  another  shale  valley  not  more  than  a  quarter  of  a  mile  wdde  that 
extends  from  James  Fork,  4 J  miles  west  of  MansfieM,  northeastward 
past  Mansfield  4  miles,  and  swings  westward  past  the  town  of  Dayton, 
which  stands  in  the  shale  valley.  Another  shale  valley  parallel  in 
the  main  with  the  last  one  mentioned  begins  a  mile  south  of  Liver- 
pool post-oflice  and  runs  northeastward  parallel  to  and  just  south  of 
Nigger  Kidge,  crossing  Cherokee  Creek  a  mile  south  of  the  town  of 
Huntington,  and  about  2\  miles  farther  east  it  swings  northw^ard  and 
then  westward  about  4  miles,  when  it  turns  due  northward  and 
extends  for  5  miles  or  more  along  the  east  base  of  Devils  Backbone 
Ridge.  This  same  bed  of  shale  can  l)e  traced  for  many  miles  along 
the  base  of  this  ridge  past  Burnsville  post-office  into  the  eastern  edge 
of  Sebastian  County. 


SEBASTIAN    COUNTY.  209 

This  description  is  doubtless  sufficient  to  show  that  the  clay  shales 
of  Sebastian  County  are  widespread  over  the  entire  county,  and 
.that  the  beds  are  of  great  thickness.  The  value  or  availability  of 
each  bed  has  not  been  determined,  but  such  tests  can  be  made  prac- 
tically whenever  it  becomes  necessary  to  consider  the  location  of  a 
manufacturing  plant,  and  a  brief  examination  of  the  geology  should 
show  the  distribution  of  the  materials. 

POTTERY  CLAYS. 

It  has  already  been  pointed  out  that  the  shales  of  this  region 
break  up  or  decompose  under  the  influence  of  the  weather,  forming 
plastic  clays.  Such  clays  are  available  for  the  manufacture  of  pav- 
ing bricks  and  sewer  pipe,  or  for  pottery.  Clays  thus  formed  are 
about  the  only  ones  used  for  the  manufacture  of  pottery  in  the  upland 
regions  of  Sebastian  County. 

The  only  pottery  clay  that  was  used  in  Sebastian  County  in  1889 
came  from  the  S.  i  SE.  J  sec.  27,  T.  7  N.,  R.  30  W.  An  examination 
of  the  geologic  structure  of  the  region  in  which  it  is  found  affords 
evidence  of  its  origin  and  suggests  where  other  and  similar  clays 
may  be  found  in  this  county. 


Little  WhiteoaK  Ridge 
BachbooeRidgc  ^-^^^..    ....     J  __,i!?;;:!!^^  Butler  Ridge 


FiQ.  18.— North-south  section  through  Biswell  Hill. 

The  place  at  which  this  clay  occurs  is  at  the  north  base  of  Little 
White  Oak  Ridge.  This  ridge  runs  southwestward  toward  Green- 
wood and  northeastward  past  Auburn  post-office,  where  it  curves 
westward,  merges  into  Butlers  Ridge,  runs  northwestward  and  ends 
at  Butlers  Knob,  in  sec.  10  of  this  same  township  and  range.  To 
the  west  of  Biswell  Hill  it  appears  again,  striking  away  to  the  west 
and  southwest,  where  it  is  known  as  Tennessee  Ridge.  The  rocks 
of  this  line  of  ridges  dip  away  from  Biswell  Hill  on  all  sides,  and  a 
north-south  section  through  Comby's  clay  pits  would  expose  the 
rocks  as  they  are  shown  in  the  section  below. 

A  section  across  Little  White  Oak  Mountain,  Biswell  Hill,  and 
Tennessee  Jlidge  would  display  practically  the  same  structure  as  that 
shown  above.  This  stnicture  explains  the  origin  of  the  Comby 
clays  and  suggests  at  the  same  time  that  similar  clays  may  extend 
along  the  northwest  side  of  Ijittle  White  Oak  Ridge,  the  southwest 
side  of  Butlers  Ridge,  and  the  south  side  of  Tenne^^see  Ridge. 

The  example  cited  above  is  given  for  the  purpose  of  illustrating 
the  general  features  of  th(^  geologic  structure  of  Sebastian  County  and 

48130— Bull.  3;-)l— OS 14 
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to  show  the  origin  of  the  residuary  pottery  clays  rather  than  to 
explain  the  presence  of  clay  at  a  single  locality.  Throughout  the 
entire  county  the  rocks  are  thrown  into  folds  and  eroded,  and  wher- 
ever the  argillaceous  shales  are  exposed  to  decomposing  agencies 
they  have  been  changed  into  plastic  clays. 

In  searching  for  the  clays,  or  the  clay  shales  from  which  they  are 
derived,  one  must  keep  in  mind  the  structural  features  of  the  region 
and  the  agencies  by  which  the  clays  are  produced  and  modified.  It 
should  not  be  forgotten,  however,  that  sedimentary  rocks  frequently 
change  in  character  in  passing  along  the  outcrops,  so  that  what  is  a 
sandstone  at  one  place  may  be  an  arenaceous  shale  at  another  and  an 
argillaceous  shale  at  a  third  locality. 

The  upland  clays  of  Sebastian  County  are  confined  to  the  region  of 
Paleozoic  rocks.  These  clays,  however,  are  not  all  produced  by 
decomposition  directly  from  the  argillaceous  shales.  Some  of  them 
have  been  washed  into  the  valleys  and,  mingled  with  the  residual 
rocks  of  the  region,  have  formed  ** buckshot  clays*'  by  precipitation 
within  them  of  the  iron  carried  in  solution  by  percolating  waters. 
The  method  by  which  these  clays  are  formed  is  described  in  Chapter 
II  of  this  report.  These  ** buckshot  clays''  are  not  available  for 
the  manufacture  of  pottery,  but  they  are  used  more  or  less  for  making 
bricks. 

comby's  clays. 

The  clay  formerly  used  at  Comby's  pottery  is  a  light-yellowish 
surface  clay,  found  in  a  low-l}nng  piece  of  ground  in  the  S.  i  SE.  J 
sec.  27,  T.  7  N.,  R.  30  W.,  where  it  has  a  depth  of  about  2 J  feet.  The 
mode  of  origin  of  this  clay  has  already  been  described. 

Analysis  of  Comby's  pottery  clay. 

[Brackett  &  Smith,  analysts.] 

Silica  (SiOa) 8L  61 

Alumina  (AI2O3) 10.  52 

Iron  (ferric)  oxide  (Fe-^Oa) 2.  70 

Lime  ( CaO ) 32 

Magnesia  (MgC) ) 40 

Potash  (K.^) 66 

Soda(Ka,0) 57 

Manganese  (MnO ) Trace. 

Water  ( H2O) 3. 95 

100.  73 

Water  at  1 10°-  1 15°  ( ' 3.  86 

Fine  sand 18. 43 

The  ware  from  this  clay  is  of  poor  quality  and  consists  chiefly  of 
such  articles  as  are  in  local  demand,  such  as  chums,  jugs,  crocks,  and 
jars.  No  other  kinds  of  ware  have  been  manufactured.  It  can  not 
be  said  that  this  clay  has  been  so  tested  as  to  establish  or  disprove 
its  availability  for  the  manufacture  of  pottery. 
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Close  to  the  kiln  and  on  the  same  quarter  section  there  is  a  small 
deposit  of  stiff  light-blue  clay  which  has  been  turned  for  pottery,  but 
without  success.  When  this  blue  clay  was  used  alone  the  ware  made 
from  it  cracked  in  drying.  A  mixture  of  this  and  a  pale-blue,  almost 
white,  sandy  clay  from  the  NE.  J  NE.  J  sec.  7,  T.  6  X.,  R.  30  W.,  has 
also  been  tried  with  some  success.  The  results,  however,  were  not 
altogether  satisfactory  and  the  work  was  abandoned. 

The  pale-blue  sandy  clay  from  sec.  7,  T.  6  N.,  R.  30  W.,  outcrops  at 
several  places  along  the  side  of  a  small  hill  and  in  the  bottom  and 
banks  of  a  small  stream  that  crosses  the  wagon  road  leading  from 
Greenwood  to  Charleston.  Mr.  Comby  tried  this  clay  alone  for  the 
manufacture  of  pottery,  but  with  the  appHances  at  command  he  did 
not  succeed.  When  mixed  with  the  surface  clay  from  the  SE.  J 
SE.  J  sec.  27,  T.  7  N.,  R.  30  W.,  the  results  were  fairly  successful. 

GLAZING   MATERIAL. 

Mr.  Comby  tried  a  black  silt  found  (m  the  bottom  lands  at  the 
mouth  of  Vache  Grasse  Creek  for  glazing  purposes.  It  is  said  to  have 
served  the  purpose  of  a  slip,  but  not  much  reliance  can  be  placed 
upon  the  experiment.  Analyses  of  this  river  deposit  and  of  the 
Albany  slip  have  been  made  by  the  Arkansas  Geological  Survey. 

Aiuihjsiii  of  Vdvhe  (rriLssc  ami  Albany  slip. 
[Hrackctt  A  Smith,  sinalysts.] 


0^.  I  AH-y 

slip.      1      ^"I^- 


SiUca  (SlOx) 

AJumlna  (AJjOj) 

Iron  (ferric)  oxido  (FojOj). 

Lime  (CaO) 

Magnesia  (MgO) 

Potash  (KjO) 

Soda  (Na,0) 

Water  (HjO) 


70.95 

r>8.a'> 

12.  24 

14.W5 

4.73 

().76 

1.90 

6.  (il 

.97 

.'}.  OS 

1.14 

I.IS 

.m 

.80 

7.01 

7.41 

99.  (H)  I  9S.: 


PRAIHIE    CLAYS. 

Over  the  whole  of  the  upland  portion  of  Sebastian  County  the  soils 
are  derived  by  decompositicm  from  the  rocks.  The  materials  are 
shifted  somewhat — washed  down  from  the  slopes  and  spread  over  the 
valleys — and  are  afterward  more  or  less  leaciied  and  altered  l)y 
secular  weathering.  This  process  produces  what  are  poi)ularly 
known  as  ''buckshot  clays''  of  the  prairies  and  slashes.  These  clays 
are  not  specifically  menticmed  as  characteristic  of  this  county,  but  as 
they  are  derived  chiefly  from  the  shales  they  are  mentioned  under 
this  general  head. 

The  whole  of  sec.  3,  the  greater  part  of  sec.  2,  the  SE.  }  sec.  4,  the 
NE.  i  NE.  }  sec.  10,  and  the  NW.  \  sec.  11,  T.  8  N.,  K.  32  \V.,  vnxv^ 
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covered  with  a  yellowish  buckshot  clay,  or  prairie  soil,  containing 
considerable  quantities  of  iron* nodules  about  the  size  of  a  pea.  The 
section  in  the  banks  of  a  small  stream  running  through  sec.  3  shows 
a  thickness  of  about  3  feet  of  this  clay. 

In  sec.  4  of  the  same  township  and  range  a  similar  yellow  loam 
overlies  a  deposit  of  dark-red  clay.  In  the  W.  }  NW.  }  sec.  35, 
T.  9  N.,  R.  32  W.,  a  band  of  chocolate  clay  about  4  feet  thick  lies 
between  the  two  yellow  divisions  of  the  exposed  clays.  The  choco- 
late clay  forms  the  surface  for  some  distance  and  then  passes  under 
a  heavy  bed  of  yellow  clay. 

The  surface  soil  of  Massard  Prairie  is  a  yellow  clay  or  prairie  soil, 
having  a  general  thickness  of  about  4  feet.  This  clay  rests  on  the 
dark-blue  or  black  shale  which  is  seen  at  the  base  of  the  different 
sections  exposed  in  the  bluffs  on  the  north  and  south  sides  of  the 
prairie.  A  section  from  the  bank  of  a  small  creek  in  the  SW.  J 
SE.  \  sec.  1,  T.  7  N.,  R.  32  W.,  may  be  taken  as  a  representative 
section  of  this  prairie. 

Section  in  SW.  J  SE.  i  sec.  1,  T.  7  N.,  R.  S2  W. 

Thin  covering  of  humus  at  surface.  Feet. 

Yellow  (almost  orange-colored)  clay  containing  nodules  of  iron  in  its 
lower  division 4 

Black  or  dark-blue  shales,  broken  into  kidney-shaped  pieces  at  base. 

Where  the  soil  has  been  washed  oflF  the  surface  the  ground  is  covered 
with  the  nodules  of  iron  in  the  shape  of  gravel. 

In  the  NE.  \  SE,  \  sec.  19,  T.  8  N.,  R.  31  W.,  the  surface  soil  is  red 
clay,  and  in  the  S.  \  sec.  29,  on  the  south  side  of  Massard  Creek,  a 
yellow  clay  overlies  the  coal  in  some  of  the  openings. 

In  the  NW.  J  SW.  J  sec.  29,  T.  8  N.,  R.  31  W.,  near  Massard  post^ 
olTice,  a  dark-red  clay  covers  the  small  hill  lying  to  the  southeast  of 
the  })rairie. 

Nothing  has  ever  been  done  to  demonstrate  the  usefulness  of  these 
clays  for  any  purpose.  There  is  little  doubt,  however,  that  many  of 
them  might  be  profitably  used  for  the  manufacture  of  ordinary  build- 
ing bricks,  and  for  this  purpose  the  clays  found  on  Massard  Prairie 
and  on  the  prairie-Hke  district  of  sees.  2,  3,  4,  and  10,  T.  8  N.,  R.  32 
W.,  will  probably  be  much  better  adapted  for  making  a  hard,  solid 
l)rick  than  the  red  earth  found  close  to  Fort  Smith  and  used  at  pres- 
ent. It  may  be  safely  said  that  these  clays  w^ill,  with  proper  treat- 
ment, make  a^i  good  and  as  strong  a  brick  as  can  be  found  anywhere 
else  throughout  the  valley  of  Arkansas  River. 

TERRACE    CLAYS. 

Over  the  lowlands  near  Arkansas  River,  in  some  places  extending 
back  inland  for  several  miles,  generally  in  the  form  of  terraces,  there 
is  a  system  of  unconsolidated  deposits  which  are  probably  of  Pleisto- 
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cenc  age.  The  material  forming  these  terraees  an*  yeUowish,  ixhI- 
clish,  ami  lead-colored  loams,  clays,  sands,  and  gravels.  They  lie  in 
horizontal  beds,  but  have  been  cut  and  more  or  les^  mutilated  by 
erosion  over  the  whole  surface  and  by  streams  that  cross  them  to 
enter  Arkansas  Kiver.  These  Pleistocene  deposits  coA^er  most  of  the 
plain  on  which  the  city  of  Fort  Smith  stands,  and  the  peniiLsula 
extending  northeastward  toward  Van  Buren,  where  fragments  of 
them  occur  here  and  there  along  the  river  east  of  Fort  Smith.  The 
clays  of  this  series  are  exposed  in  what  may  be  i^egarded  as  a  typical 
section  along  the  railway  near  the  Ketcham  iron  works  and  at  other 
points  south  of  the  city.  The  uppermost  bed  is  a  yellowish  day,  in 
some  places  more  or  less  mottled  and  in  othei-s  containing  small,  fria- 
able  nodules  of  iron.  Although  its  characteristic  color  is  yc^llow, 
this  bed  is  in  some  places  ashen  gray  and  in  othei-s  bright  nul. 

In  the  typical  section  just  mentioned  the  next  bed  below  the  yel- 
low clay  loam  is  a  dark-red  clay  which  ccmtains  a  good  deal  of  sand 
and  which  is  about  10  feet  thick.  Below  it  is  a  bed  about  1  foot 
thick  of  deep-red  to  chocolate-colored  clay,  and  below  lies  a  bcvl  of 
fine  sand.  The  bottom  of  the  sand  is  not  exposed.  The  thieknc^ss 
and  quality  of  these  beds  varies  greatly;  the  yellow  loam  is  entin^ly 
wanting  in  many  places,  having  been  removed  by  erosion,  whih*  \ho 
red  clay  may  contain  occasional  beds  of  sand. 

It  can  not  be  positively  stated  that  potteiy  days  do  or  do  not 
exist  in  these  Pleistocene  river  terrac(»s,  but  the  nature  of  the  beds 
seen  is  favorable  to  the  occurrence  in  them  of  jxx'kets  of  pottery 
clays.  In  these  terrac(\s  or  second  bottoms  extensive*  (h»posits  of 
brick- earth  are  found,  both  in  Sebastian  and  in  adjoining  counties. 

UECKXT    ALLITVIUM. 

The  Pleistocene  terraces  referred  to  above  are  distinct  from  the 
river-bottom  silts.  The  latter  stand  at  a  lower  lev(»l  an<l  are  usually 
less  brilliantly  colored.  No  pottery  clays  are  now  known  in  the*  bot- 
tom, but  it  is  possible  that  they  ma}'  occur  there.  As  a  ru](i  tlu*  allu- 
vial deposits  are  silts  and  sands  rather  tliaii  days,  and  sudi  pottcTy 
clays  as  they  contain  will  prol)ably  be  found  only  in  pock(»ts. 

CLAY  INDUSTRY. 
UTILIZATION    OF   THE    CLAY    SHALES.'' 

Although  the  clay  shales  of  Fort  Smith  and  of  Sebastian  County 
are  suitable  for  the  manufacture  of  sewer  pipe,  fire  l^ricks,  and  pot- 
tery, nothing  has  been  done  tlins  far  to  utilize  these  shales  for  ninkin;^ 
such  articles.  The  abun<Jance  of  excellent  raw  matfTials,  the  prox- 
imity of  the  deposits  to  tlie  coal  fields,  and  the  possibility  of  bulMing 

«Thenot«.-8  <»n  th*-  brick  Iri'lustri's  ot  Fort  Smith  »n-  ff.i'flv  liv  \V\V^\v*\u  V^«-u\\* '\^ . 
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up  a  larger  trade  in  clay  products  in  the  South  and  Southwest  ought 
to  lead  to  the  early  development  of  such  industries  at  some  point  in 
Sebastian  County. 

Chemical  analyses  of  the  argillaceous  shales  show  them  to  be  clays 
so  far  as  their  chemical  composition  is  concerned.  They  have  been 
changed,  however,  by  pressure  and  time  in  physical  appearance- and 
character.  The  chemical  composition  of  these  clay  shales  of  Sebas- 
tian and  adjoining  counties  suggests  the  possibility  of  using  them, 
when  ground  and  washed,  for  the  manufacture  of  the  common  grades 
of  pottery.  The  clay  shales  have  the  average  composition  shown  in 
the  table  below.  For  the  purpose  of  comparing  this  with  the  pottery 
clays  of  the  Tertiary  region  of  the  State  (Benton,  Perla  switch,  etc.) 
the  average  composition  of  the  latter  is  given  in  an  adjoining  column. 

Analyses  of  clay  shales  and  of  Tertiary  pottery  clays. 


Clay 
Bhales. 


Silica  (SiOj) 

Alumina  ( AIjOs) 

Iron  (forric)  oxido  (FojOa) 

Limo  (CaO) 

Magnesia  ( MgO) 

Potash  (K2O) 

Soda  (NajO) 

Wator  (UiO) 


6.64 


Tertiary 
pottery 
clays. 


58.91 
22.21 

7.64 
.53 

1.37 

68.20 

21.79 

1.77 

.20 

2.15 

1.12 

1.16 
6.44 


The  clay  shales  contain  a  somewhat  higher  percentage  of  the  bases 
(iron,  lime,  magnesia,  potash,  and  soda),  elements  which  increase  the 
fusibility  of  the  material,  and  a  lower  percentage  of  silica.  The 
higher  percentage  of  iron  in  the  clay  shales  would  give  the  pottery 
made  from  it  a  dark  color  like  that  of  sewer  pipe^  but  this  objection 
would  not  apply  seriously  to  jugs  and  many  other  articles.  The 
upper  weathered  portions  of  the  beds  can  be  ground  more  readily, 
while  the  already  decomposed  and  plastic  clays  that  usually  cover 
the  exposed  surfaces  of  these  shale  beds  may  advantageously  be 
mixed  with  the  crude  material. 


BRICK    PLANTS. 

Paving  hHcks, — It  is  only  since  1889  that  the  manufacture  of  pav- 
ing brick  has  been  carried  on  at  Fort  Smith.  Mr.  W.  A.  Doyle  had 
the  first  contract  for  the  paving  of  Garrison  avenue,  and  3,000,000 
bricks  were  required  for  this  purpose.  The  bricks  were  made  from 
the  disintegrated  shales  found  on  Towson  road  between  Towson  and 
Wlieeler  avenues.  The  shales  were  ground  before  pugging.  For  this 
purj)()se  a  Penfield  crusher  was  used.  The  clay  w^as  then  pugged  in  a 
No.  10  D  pug  mill,  and  the  bricks  were  made  in  a  No.  20  B  Penfield 
inacliine  having  a  daily  capacity  of  50,000  bricks.  The  machinery 
was  driven  by  steam  power.     The  bricks  were  end  cut  and  dried  in  a 
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steam  heated  dn'ing  shed  and  burned  in  the  ordinan'  open  kihi.  The 
fuel  used  was  a  mixture  of  coal  and  wood. 

In  drying  these  bricks  part  with  their  water  very  slowly,  and  it 
usually  requires  about  six  days  to  dry  them  sufficiently  to  be  put  in 
the -kiln.  The  time  allowed  for  burning  is  from  ten  to  twelve  days. 
When  burned  hard  the  outside  bricks  are  dark  brown  and  the  inside 
bricks  dark  blue.  In  the  kiln  used  at  Fort  Smith  the  outside  bricks 
were  bright  red. 

Clays  formed  by  the  disintegration  of  these  shales  shrink  consid- 
erably in  drj^ing  and  burning.  The  bricks  made  at  Fort  Smith 
shrink  about  IJ  inches  in  the  length  of  the  brick  (9^  inches),  and  the 
average  settling  of  a  kiln  36  bricks  high  is  about  2  feet. 

In  setting  the  kiln  it  is  necessary  to  set  the  rows  close  to  one  another 
in  order  to  provide  for  the  widening  of  the  spaces  between  the  rows 
of  bricks  due  to  the  shrinkage. 

There  are  at  present  three  brick  plants  in  Sebastian  County.  Two 
of  these  are  in  Fort  Smith  and  the  other  at  Mansfield. 

The  CJio€taw  Brick  and  Gas  Comyany. — A  j)lant  was  established  in 
1901  at  Mansfield,  in  the  southeastern  part  of  the  county,  by  the 
Choctaw  Brick  and  Gas  Company.  Common  building  bricks  are 
made  from  Carboniferous  shale.  The  shale  is  pugged  and  molded  in 
the  Berg  machine.  The  bricks  are  dried  in  sheds  and  nine  to  ten 
days  are  reciuired  to  dry  them  sufficiently  to  place  in  the  kiln.  They 
are  burned  in  up-draft  and  down-draft  kilns,  which  hold  from  50,000 
to  250,000  bricks  each.  Five  kilns  are  in  use.  The  kilns  are  arranged 
to  use  coal  and  natural  gas  for  burning,  and  about  one-half  ton  of 
coal  is  consumed  for  each  1,000  bricks.  The  length  of  time  for  burn- 
ing a  kiln  is  about  fifteen  days.  The  shrinkage  of  the  clay  is  about 
one-sixteenth.     The  output  of  the  plant  is  20,000  a  day. 

Plants  at  Fort  Smith. — The  two  plants  located  at  Fort  Smith  are 
the  Fort  Smith  Paving  Brick  and  Fire  Clay  Company,  Louis  Ismay 
&  Brother,  lessees,  and  a  plant  operated  by  John  D.  Carbaugh. 
Detailed  information  concerning  these  plants  wiis  not  obtained. 

The  material  used  in  the  manufacture  of  tlie  ordinarv^  red  building 
brick  at  Fort  Smith  occupies  a  district  west  of  the  city  that  includes 
the  greater  portions  of  sees.  9  and  IG,  the  wliole  of  fractional  sees. 
8  and  17,  and  the  northwestern  j)ortion  of  sec.  20,  as  w(»Il  as  tlie 
SW.  }  sec.  4,  all  in  T.  8  N.,  R.  32  W.  Tlie  SW.  \  SE.  \  sec.  34, 
T.  9  N.,  R.  32  W.,  also  contains  a  red  earthy  clay  from  which  bricks 
have  been  manufactured. 

This  brick  earth  is  a  stiff  clay  wliicli  is  in  places  mixed  with  so 
much  sand  that  the  beds  have  tlie  appearance  of  homogeneous 
deposits  of  sandy  clay.  It  is,  however,  yery  irregidar  in  its  texture, 
varying  within  short  distances  from  stiff  clay  to  loose  sand.  Both 
sand  and  clay  are  of  a  red  color,  dark  red  when  wet  and  pale  yel- 
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lowisli  brown  when  dry  and  exposed  for  any  great  length  of  time. 
At  Messrs.  Bocquin  &  ReutzeFs  old  location  on  the  strip  of  land 
lying  between  Towson  road  and  Wheeler  avenue,  Fort  Smith,  on 
the  west  side  of  the  SE.  J  sec.  17,  T.  8  N.,  ft.  32  W.,  the  clay  has 
a  pale-yellowish,  almost  gray,  color. 

The  average  thickness  of  this  mixed  clay  and  sand  varies  con- 
siderably, but  averages  about  6  feet.  A  section  taken  close  to  the 
line  between  Oklahoma  and  Arkansas,  near  the  bank  of  Poteau 
River,  gives  the  following  section: 

Section  near  Foteau  River. 

Feet. 

Reddish-gray  sand 1 2 

Red  clay 3-6 

Red  sand 6-8 

The  bottom  of  the  red  sand  is  not  reached  in  this  exposure. 

In  the  district  between  Arkansas  River  and  Poteau  River,  along 
Fourth  street  in  Fort  Smith,  the  red  sand  and  clay  have  been  pene- 
trated to  a  depth  of  12  feet.  The  sand  and  clay  seem  to  be  overlain 
by  a  course  white  river  sand.  In  this  district  the  clay  also  becomes 
much  more  sandy. 

Bricks  made  from  the  brownish-j^ellow  sandy  material  are  soft 
and  will  not  bear  much  rough  handling.  They  are  readily  injured 
by  rain  and  ought  to  be  dried  under  cover.  In  the  kiln  they  will 
not  stand  a  heat  sufficiently  high  to  make  hard  bricks  without 
fusing.  It  is  no  uncommon  thing  for  the  arches  to  fall  in,  and 
when  the  kiln  is  opened  the  bricks  forming  the  broken  arches  are 
found  to  be  a  fused  mass  of  half-burned  clay  and  dark-greenish 
slag.  The  result  of  this  tendency  to  fuse  is  that  the  bricks  must 
be  burned  soft  and  will  not  bear  rough  handling  or  resist  the  crush- 
ing strain  imposed  on  bricks  used  in  the  erection  of  heavy  struc- 
tures. The  loss  through  breakage  in  handling  is  also  considerable, 
amounting  in  most  yards  to  15  or  20  per  cent.  When  burned  these 
bricks  have  a  bright-red  color,  and  when  re-pressed  for  front  or 
face  bricks  they  are  darker  and  have  smooth  faces  and  square  cor- 
ners.    The  color  of  bricks  of  this  class  is  uniform  and  good. 
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The  following  analyses  of  this  clay  dried  at  110*^-115°  C.  show  its 
composition: 

Analyses  of  d^yfrmn  Fori  Smith. 

[Brackett  &  Smith,  analysts.] 


SlUcaCSiOs) 

Alumina  (AIiOs) 

Ferric  oxide  (FesOa) 

Liiiie(CaO) 

MagneaiMkgO) 

PotMh(KfO) 

Soda(N««0) 

Loss  on  Ignition  (water) . 

Fine  sand 

Water  lost  at  110<>-115<'  C. 


1. 

2_ 

3. 

4. 

5. 

83.83 

84.00 

74.79 

76.26 

76.20 

9.32 

8.33 

12.80 

11.74 

12.41 

2.64 

2.73 

4.90 

4.54 

4.36 

.34 

.27 

•  .38 

.39 

.49 

.45 

.35 

.90 

.79 

.54 

1.27 

.83 

1.73 

1.28 

1.21 

.85 

.82 

1.49 

.98 

.84 

2.40 

2.81 

2.91 

3.82 

3.75 

101.10 

100.14 

99.96 

99.80 

99.80 

38.23 

37.57 

29.77 

47.79 

11.80 

2.21 

2.45 

2.76 

3.71 

4.06 

No.  1  is  the  lighter  colored  clay  from  the  bank  opposite  Ketchum 
Iron  Company's  shop;  No.  2  is  the  yellow  clay  overlying  N,\  3  at 
the  Ketchum  Iron  Company's  shop;  No.  3  is  the  lower  reddish  clay 
at  Ketchum  Iron  Company's  shop  (underlying  No.  2) ;  No.  4  is  the 
red  sandy  clay  from  Messrs.  Pendell  &  Morrison's  old  brick^^ard; 
No.  5  is  an  ashen-gray  clay  from  the  south  end  of  the  Fort  Smith 
and  Dardanelle  Railway. 

POTTERIES. 

Comby's  pottery.^ — This  potteiy  was  situated  in  tlie  SE.  J  SW.  J 
sec.  28,  T.  7  N.,  R.  30  W.  The  kiln  was  a  small  one,  built  of  stone 
cemented  with  clay,  and  was  half  underground — the  kind  of  kiln 
sometimes  called  "groundhog."  It  was  not  adapted  to  salt  glazing, 
and  the  Albany  shp  or  black  glaze  was  used.  Sometimes  a  little 
salt  was  thrown  into  the  kiln,  but  it  affected  only  the  ware  at  the 
front  of  the  kiln  next  the  fire,  and  that  not  always  ])eneficially. 
There  was  nothing  to  protect  the  ware  from  the  ashes  of  the  fire, 
and  every  time  a  fresh  supply  of  fuel  was  added  or  the  fire  touched 
the  lighter  ashes  were  sent  in  a  shower  among  the  hot  ware,  to  settle 
down  on  the  articles  in  the  process  of  burning  to  become  fixed  to 
them  by  the  glaze.  The  result  of  this  is  that  the  ware,  (^six^cially . 
that  portion  of  it  next  the  fire,  i)resents  anything  but  a  pleasing 
appearance.  With  such  a  method  of  firing,  a  good  claijs  of  potteiy 
could  not  be  made  even  with  tlu^  best  of  pottery  clays.  The  poor 
results  obtained  at  this  potteiy  must  be  attributed  for  the  most 
part  to  the  methods  employed  in  burning  the  ware,  though  it  is  in 
part  evidently  due  to  poor  raw  material  or  to  the  improper  treat- 
ment of  the  clay. 


«  The  notes  and  statistics  of  t'omby's  pottery  wore  roUwtJKi  by  Mr.  KtMiiiexiy,    The  plant  has  t;one 
out  of  business. 
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CaldwelVs  pottery. — A  small  deposit  of  bluish-white  sandy  clay 
mottled  with  red  is  found  on  the  north  side  of  a  small  creek  in  the 
SE.  i  SE.  }  sec.  10,  T.  6  N.,  R.  31  W.  This  was  at  one  time  used 
tt)  supply  a  pottery  at  Greenwood  owned  by  Mr.  Caldwell,  but  clay 
from  this  place  has  not  been  used  for  a  number  of  years. 

UNION   COUNTY. 

GENERAL  GEOLOGY. 

The  strata  underlying  Union  County  consist  almost  exclusively  of 
soft  uncompacted  clays,  sand,  brown  coals  (or  lignites),  and  gravels 
of  Tertiarj^  age.  The  horizontahty  of  these  beds  makes  the  geology 
comparatively  simple.  The  clays  are  of  various  colors,  exhibiting 
all. the  shades  of  brown,  yellow,  red,  and  gray.  The  highest  beds 
of  the  county  are  those  that  cap  the  divide  on  which  Eldorado 
stands.  These  beds  are  sandy  clays  and  clayey  sands,  covered  here 
and  tliere  by  gravels  of  novaculite  and  quartz.  From  this  elevated 
divide  the  surface  of  the  county  slopes  away  on  all  sides,  the  streams 
cutting  deeper  and  deeper  into  the  soft  horizontal  rocks.  Along 
tlieir  banks,  where  bold  headlands  are  left  in  the  process  of  stream 
erosion,  the  stratification  of  the  Tertiary  beds  is  occasionally  well 
exhibited.  The  best  exposures,  however,  are  in  the  river  bluffs 
along  the  Ouachita  at  places  where  the  river  hugs  the  foot  of  the 
blulT  closely,  as  at  Camden,  Newport  Landing,  Millers  BluflF,  Wil- 
mington Landing,  and  New  London.  At  Wilmington  Landing  the 
section  exposed  is  typical  of  the  geology  of  the  entire  highland 
region  of  tlie  county. 

The  beds  there  exposed  continue  with  some  variation  toward  the 
west  and  underlie  a  large  part  of  Union  County,  and  in  all  proba- 
bility underlie  Columbia  County  also.  In  the  deeper  channels  of 
tlie  larger  streams  the  beds  of  soft  rocks  are  penetrated  to  greater 
doptlis  and  the  entire  section  given  on  page  220  is  exposed  here  and 
there,  though  generally  only  in  fragments. 

\^^lere  erosion  has  not  been  so  powerful  and  so  concentrated  as 
in  the  immediate  neighborhood  of  Ouachita  River  the  stream  chan- 
nels are  broader  and  their  sides  less  abrupt,  so  that  the  clays  and 
other  beds  have  thinner  coverings  along  the  side  valleys  that  extend 
inland  from  the  river. 

The  lignites  of  Union  County  are  of  the  same  kind  as  those  of 
Ouachita  County.  Aside  from  any  direct  use  to  which  the  coal 
may  be  applied,  it  serves  as  a  guide  in  searching  for  clays,  for  the 
clays  are  at  many  places  associated  with  the  lignite,  either  over- 
lying or  underlying  it.  Persons  acquainted  with  the  geology  of 
this  county  report  that  at  many  places  a  bed  of  clay  15  feet  thick 
overlies  the  lignite.     The  clay  beds  at  Wilmington  Landing  and  at 
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New  London  Landing,  on  Ouachita  River,  ovorlio  tho  lignit(»  (ex- 
posed in  the  river  bkiff  at  those  places.  This  chiy,  however,  is  not 
everywhere  valuable. 

CLAY  DEPOSITS. 

In  the  neighborhood  of  Beach  Creek,  whei'e  it  is  (tossed  by  the 
Mount  Holly-Lisbon  road,  many  small  fragments  of  fine  |)()1t<M'H 
clay  are  scattered  through  the  sandy  clays.  These  fragments  nro  of 
no  value  in  themselves,  but  their  presence  suggests  the  prol)ability 
that  they  were  derived  from  deposits  of  fine  potter's  clays  in  this 
neighborhood.  Similar  evidence  of  the  presence  of  good  clays  niv 
common  at  many  points  in  both  Union  and  (-olumbia  counties. 
About  Lisbon  such  clays  are  exposed  in  deep  gullies,  (\sjM»cially  on 
the  west  side  of  the  town,  near  Cartip  Creek,  and  also  on  Holnuvs 
Creek. 

About  2  miles  west  of  Lisbon,  on  the  Lisl)()n-Mount  Holly  road, 
just  west  of  the  Rose  farm,  on  the  brow  of  a  westward-sloping  hill, 
3  or  4  feet  of  dove-colored  potter's  clay  is  expose<l  by  the  roadside. 
The  total  depth  of  the  bed,  however,  is  not  visible.  In  places  this 
bed  contains  very  thin  laminae  of  fine  sand,  which  nniy  j)rove  injurious. 

East  of  Lisbon  the  cla^^sand  sands  are  thinly  laminated  and  inter- 
stratified,  so  that  they  are  not  available  for  the  manufiwjtun*  of  pot- 
tery or  fire-clay  prcxlucts. 

Four  miles  west  of  Eldorado,  on  the  road  to  Lisbon,  there  are  sr)me 
rather  promising  looking  exposures,  but  so  far  as  examinerl  tliey 
contain  too  many  streaks  of  sand  to  be  useful.  Further  search  in 
the  vicinity  is  likely  to  discover  good  beds. 

One  and  one-fifth  miles  west  of  Eldoradr),  on  the  Lisbon  roarl,  on 
the  side  of  a  hill  facing  westward,  the  fr)llowing  section  is  exf)osefl: 

Section  mar  KUt/rof/o. 

Yellow  -oil  and  flay  at  niirfacf.  Kt.     lu. 

Gfxwl  pink  flay  with  f«»r.-il  W-av**:- I 

Gray,  rath^T  samly  iK>tt<T'H  rlay t 

Pink  randy  '^•lay H 

Dull  pink  r'andr  i-xfKisv-d 2 

The  clays  ex[K)se<l  by  the  Eldonido-Li.-ibon  roarl.  abfiUt  UX)  f^rt 
west  of  the  first  milepost  west  of  Eldorado,  an*  all  or  ucuily  aW  t<»o 
sandy  to  Ik*  available  for  the  manufacture  of  fK^tterv. 

Three  miles  ea.st  of  Ehlorarlo  the  road  tf>  Wilrninfrton  I^^jndinir 
passes  over  a  U'd  of  pink  fK>tter'.-i  chiy  containinir  abrj/jd^uit  U-nf 
impressions.  On  the  -owth  -ide  of  the  road  thf  bfd  i-  ii\,^,\ir  \  ff-ct 
thick,  but  it  i>  not  r-xpo-/-'i  f,u  tlj^  north  -ide  of  the  road. 

About  l\  TtiiU'-.  -ontli'»^r--t  of  Wilrninfrton  f^Hndinfr.  on  rh^  f-'^^rf-  of 
the  flat  wr>od-.  -or fie  f?iir  ]>*>tu-ry  r-|ay-»  are  exfK>^;^-d  hv  the  ro>j#:-i'i^-. 
but  their  thickne--;  i-  not  evi'lr-nt. 
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There  are  said  to  be  some  very  fine  clays  on  Lapile  Creek  in  T. 
18  S.,  R.  13  W.,  probably  in  sec.  9  or  10. 

At  Wilmington  Landing  tlie  Tertiary  beds  are  well  exposed  in  the 
river  blufT  and  in  the  gullies  that  furrow  its  sides. 

Section  of  river  bluff  at  WUvnrufton  Landing. 

Feet. 

1.  Sand  on  hilltop 2 

2.  Sandy  clay 5 

3.  Light-gray  clay 2 

4.  Pinkish  clay 3 

5.  White  sand  with  some  clay 9 

C).  Fat  buff  clay  with  some  sandy  patches  and  li  "jnit  ^ 16 

7.  Tough,  somewhat  sandy,  light-colored  clay 7 

8.  Fat  gray  clay 6 

9.  White  sand •. 3 

10.  Outcrop  of  brown  coal * i 3 

11.  Fat  dove-colored  clay 3 

12.  Sands  with  clay  laminae 5 

13.  Pink  sandy  clays  with  fossil  leaves •. 6 

14.  Sandy  clays  and  sands 10 

15.  Concealed  to  the  level  of  Ouachita  River 10 

90 
The  hills  one-eighth  of  a  mile  south  of  Wilmington  Landing  con- 
tinue  upward   the   section   given   above.     It   is   approximately   as 

follows : 

Section  south  of  Wibnington  Landing. 

Clays  and  clayey  sands  at  the  surface.  peet. 

Lead-colored  and  pink  pottery  clays 12 

Sands 6 

Chocolate-colored  sandy  pottery  clays 4 

Lignite 3 

The  horizontality  of  the  Tertiary  beds  of  the  region  and  the  out- 
crops of  lignite  along  the  bluffs  and  foothills  of  the  region  point  to  a 
wide  distribution  in  Union  County  of  the  clay  beds  exposed  in  the 
section  given  above. 

A  specimen  of  the  clay  bed  No.  6  of  the  Wilmington  Landing  sec- 
tion was  analyzed. 

Analysis  of  huff  clay  from  Wilviington  Landing. 
[Specimen  dried  at  13.')**C\    W.  A.  Noyej*,  analyst.] 

Silica  (SiO,,) 64. 97 

Titanic  oxide  (TiO, ) 40 

Alumina  ( ALO^) 18.  87 

Iron  oxide  {Fe203) 5. 26 

Lime  (CaO) 63 

Maj<nesia  ( MgO) 1. 00 

Potash  (  K.O) 1. 43 

Soda  ( XaoO) 30 

Water  (11,0) 7. 43 

100.29 
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The  large  percentage  of  iron  in  this  sample  is  probably  due  to 
infiltrations,  the  specimen  having  come  from  near  the  surface.  Clay 
under  cover  will  probably  be  found  freer  from  this  impurity  and 
available  for  pottery  ware  and  for  other  purposes  for  which  basic 
clays  may  be  used. 

CLAY  INDUSTRY. 

But  one  plant  in  Union  County  is  engaged  in  the  manufacture  of 
clay  products — the  Felsenthal  Brick  Company,  at  Felsenthal.  The 
plant  was  established  in  1904  for  the  manufacture  of  stiff-mud  build- 
ing bricks.  They  are  made  from  the  common  surface  red  clay.  The 
clay  is  tempered  and  molded  in  a  Sword  machine  run  by  steam. 
The  bricks  are  dried  in  a  shed  and  burned  in  an  up-<lraft  kiln.  Four 
kilns  are  in  use,  each  having  a  capacity  of  200,000  "bricks.  It  requires 
six  to  ten  days  tor  the  bricks  to  dry  sufficiently  to  set  in  the  kiln, 
and  from  six  to  eight  days  for  burning.  Wood  is  used  as  fuel.  The 
plant  has  an  output  of  30,000  bricks  a  day. 

The  potter^s  clays  of  Union  County  are  not  utilized.  There  was 
at  one  time  a  pottery  on  what  was  formerly  known  as  the  ''poor- 
house  farm,'*  sec.  34,  T.  17  S.,  R.  15  W.,  a  little  more  than  a  mile 
southeast  of  Eldorado.  It  was  operated  Iw  Mr.  Leonard  as  late  as 
1860,  and  was  probably  closed  by  the  civil  war.  The  pottery  made 
is  said  to  have  been  of  ordinary  grade.  The  clays  used  are  reported 
to  have  come  from  the  ''slashes*'  and  not  from  a  bed  in  place  in  the 
hills. 

There  was  another  pottery  in  Union  County  before  the  civil  war, 
about  4  miles  below  Wilmington  Landing.  The  ware  burned  light 
gray  and  was  of  good  texture.  The  clay  came  from  the  stratified 
beds  in  a  bank.     This  potteiy  is  no  longer  in  existcMice. 

There  is  no  lack  of  clays  in  Union  County  for  th(»  manufacture  of 
good  pottery  and  of  fire-clay  goods.  It  is  possible  that  valuable  clays 
may  cover  as  much  as  half  of  the  total  area  of  the  county.  Though 
analyses  have  not  been  made  of  all  the  varieties  of  clay  found  in 
Union  County  it  may  safely  be  assumed  that  the  clays  are  similar  to 
those  of  Ouachita  County,  many  of  which  have  l>oen  analyzed.  Until 
recently  there  was  a  lack  of  prompt  transportation,  for  there  was  no 
railroad  in  the  county,  but  the  railroad  from  Camden  to  Eldorado 
and  other  railroads  lately  completed  now  afford  cheap  transportation 
for  any  clay  goods  that  may  he  manufactured  from  the  fine  clays 
along  Ouacliita  River. 
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WHITE   COUNTY. 

GENERAL  GEOLOGY. 
PRINCIPAL   FEATURES. 

Tlio  part  of  White  County  lying  west  of  the  St.  Louis,  Iron  Moun- 
tain and  Southern  Railway  is  made  up  cliiefly  of  sandstones,  grits, 
and  shales  belonging  to  the  lower  Carboniferous  or  Mississippian 
series.  In  the  extreme  northwest  comer  of  the  county,  about  Rose- 
bud and  Romance,  these  beds  are  very  nearly  horizontal,  and  the 
streams  have  cut  through  the  steep-sided  and  rather  narrow  vallej^s. 
Here  the  harder  beds  of  sandstone  form  broad,  flat  areas  with  rather 
abrupt  edges.  In  the  southwestern  part  of  the  county  and  in  the 
region  between  Searcy  and  Griffin  Springs  the  same  series  of  beds 
has  ])een  greatly  folded,  so  that  the  beds  dip  toward  the  south  on  one 
side  of  the  folds  and  toward  the  north  on  the  other.  In  the  folded 
area  the  alteration  of  hard  beds  of  sandstone  with  soft  beds  of  shale 
has  given  rise  to  alternate  valleys  and  ridges,  for  the  resisting  sand- 
stones withstand  weathering  and  form  the  ridges,  while  the  beds  of 
shale  break  down  into  soft,  easily  washed  clays,  which  are  carried 
away,  forming  the  valleys.  The  relations  of  these  interfolded  shales 
and  sandstones  are  of  great  importance  to  anyone  studjang  the  dis- 
tribution of  the  clays  and  clay  shales,  for  it  often  makes  it  possible 
to  trace  the  same  bed  for  many  miles  across  the  county. 

In  the  region  just  north  of  the  town  of  El  Paso  the  parallelism  of 
the  sandstone  ridges  and  shale  valleys  is  a  striking  feature  of  the 
topography.  These  ridges  and  valleys  begin  a  few  miles  west  of  Buble 
and  some  of  them  swing  northward  around  Antioch  Mountain  and 
then  pass  nearly  due  west  to  the  vicinity  of  Caldron  Creek,  just  north 
of  Conway,  in  Faulkner  County.  Similar  ridges  beginning  just  north 
of  the  town  of  Austin  can  be  traced  nearly  to  Palarm  Bayou,  south  of 
Preston,  in  Faulkner  County.  The  valleys  parallel  with  these  sand- 
stone ridges  are  all  cut  in  shales,  and  it  is  to  these  shales  that  attention 
is  directed.  Some  of  these  shales  are  too  sandy  to  be  utilized,  but 
others  are  well  adapted  to  the  manufacture  of  paving  brick  and  sewer 
pipe,  and  some  of  them  are  good  fire  clays. 

The  geology  of  Round  Mountain,  in  the  extreme  southwest  comer 
of  White  County,  has  been  examined  for  the  purpose  of  determining 
the  character  of  these  shales.  The  geology  of  that  particular  hill 
is  therefore  given  here  in  detail. 

ROUND    MOUNTAIN. 

A  great  syncline  or  troughlike  valley  known  as  Cypress  Valley 
extends  from  the  vicinity  of  Beebe  to  Arkansas  River  west  of  Conway. 
In  the  middle  of  this  svnclinal,  in  White  County,  in  sees.  5,  6,  7,  and 
8,  T.  5  N.,  R.  10  W.,  stands  an  isolated  table-topped  hill  known  as 
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Round  Mountain.  This  hill  rises  alxmi  2lK>  feel  alH»ve  the  surrvHiua- 
ing  Taller,  and  has  in  general  outline,  as  seen  on  a  map,  the  form  ot  a 
dumb-bell. 

The  sections  given  in  fig.  19.  taken  at  the  opjx>site  ends  of  the 
mountain,  and  the  north-south  profile  s^Hnion  in  fig.  20  show  ih;>it 
while  Roimd  Mountain  contains  some  coal  and  is  capivd  bv  saiuU 
stone  it  is  made  up  for  the  most  part  of  argillactH^us  shales. 
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Argillaceous  shale        40 ' 


Fig.  10.— Setnlons  of  betis  at  Uound  Mountain. 


The  coal  bed  in  sc»ction  2,  fig.  19,  was  reported  to  Have  a  thioknoss 
of  42  inches  until  1892,  when  Mr.  Charles  Kanlorowirz,  of  Litth*  Kock. 
the  owner  of  the  Round  Mountain  property,  engaged  Capt.  K.  N. 
Scruggs  to  open  the  drift  and  definitely  (leteriniue  its  thickness.  The 
thickness  here  reported  is  that  given  by  Captain  Scruggs. 

Where  the  shales  near  the  base  of  the  mountain  have  been  covcmcmI 
by  the  debris  from  its  sides  they  are  already  deeply  disiiUt^grattMl. 
The  great  body  of  the  hill,  however,  is  of  compact  shale,  weathering 
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Flo.20.—T}icorotlc  north-south  section  through  Houn<l  Mountain      ."A.  Sl«;il«<:  .ov   siiiidsiniH- 

in  the  usual  way  on  exposure  and  breaking  uj)  in  small  prisms  and 
cuboidal  fragments.  Much  of  this  shale,  possibly  all  of  it,  is  avail- 
able for  the  manufacture  of  fire  bricks,  s<»wer  pipes,  furnace  linings, 
etc.,  and  for  road-paving  bricks.  The  following  an*  analyses  of  two 
samples  of  shales  from  Round  Mountain  and  of  two  other  similar 
shales  from  ilissouri  and  Ohio,  the  analyses  of  th(»  latt(»r  being  intro- 
duced here  for  comparison : 
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Analyses  of  shahs  from  Round  Mountain^  Ark.,  Cheltenham,  Mo.,  and  Akron,  Ohio. 


Silica  (SiOs) 

Alumina  (AI2O3) 

Ferric  oxide  (FejOs) I 

Lime  (CaO) 

Magnesia  (MgO) 

Potash  (K2O) 

Srxla  ( NaaO ) 

Loss  on  ignition 

Sulphur  (S) 

Water  loss  at  110°-n5°  C 


Round  it 

[ountain. 
2. 

Missouri. 

Ohio. 

1. 

3. 

4. 

64.04 

57.12 

56.86 

60.05 

21.55 

24.32 

28.07 

20.00 

5.01 

8.21 

5.03 

6.82 

.59 

.72 

.27 

.52 

.96 

1.74 

.32 

.45 

1.56 

2.07 

.11 

1.79 

.80 

.53 

.96 

l.fiO 

5.94 

7.58 

10.88 

6.96 

.14 

.22 

1.95 

100.59 

102.51 

102.50 

100.14 

..30 

1.75 

3.84 

1.25 

1.  From  the  bed  of  shale  lying  between  the  two  coal  beds  exposed  at  west  end  of  mountain.    J.  P. 
Smith,  analyst. 

2.  From  above  uppermost  bed  of  shale  in  the  section.    J.  P.  Smith,  analyst. 

3.  From  shale  banks  at  Theltenham,  Mo.    This  is  the  material  of  which  tno  Laclede  Company  manu- 
facturer its  fire-ciay  goods.    Brackett  <fc  Smith,  analysts. 

4.  From  Akron,  Ohio;  material  used  in  the  manufacture  of  sewer  pipes,  etc.    Brackett  dc  Smith, 
analysts. 

A  comparison  of  these  analyses  shows  that  the  clay  shales  of  Round 
Mountain  are  well  adapted  to  the  manufacture  of  fire  bricks,  sewer 
pipes,  and  such  goods  as  are  made  of  the  similar  clay  shales  at  Chel- 
tenham, Mo.,  and  Akron,  Ohio,  as  well  as  of  paving  bricks  for  road- 
ways. 

The  coal  in  Round  Mountain  may  perhaps  be  utilized  in  connection 
with  the  shales.  At  the  west  end  of  the  mountain  Mr.  W.  S.  Brewer 
has  opened  a  drift  on  a  bed  of  coal  which  he  reports  to  be  14  inches  in 
thickness. 

Immediately  above  the  coal  lies  20  to  24  inches  of  coal  dirt  or 
crushed  bony  coal.  During  and*  since  the  civil  war  Mr.  Charles 
Kantorowicz's  coal  mine  at  the  east  end  of  the  mountain  was  oper- 
ated, but  the  drift  has  been  abandoned  since  the  spring  of  1877,  and 
the  opening  has  been  closed  by  the  caving  in  of  its  sides.  It  was 
therefore  impossible  to  examine  the  thickness  of  the  coal  bed  at  this 
place  at  tlie  time  it  was  visited.  In  1892  Mr.  Kantorowicz  employed 
Capt.  R.  N.  Scruggs  to  open  the  drift,  and  it  was  found  that  the  coal 
was  24  inches  thick  41  feet  from  the  outcrop.  Unfortunately  it  has 
not  been  possible  to  obtain  a  sample  from  the  Kantorowicz  mine, 
but  analysis  was  made  of  a  sample  from  Mr.  Brewer's  pit,  which 
probably  fairly  represents  the  quality  of  coal  of  this  lower  and  more 
important  bed.  The  specimen  was  taken  from  the  8-inch  bed  high 
on  the  side  of  the  mountain,  and  the  coal  is  of  good  quality,  as  may 
be  seen  from  the  follow^ing  analysis: 

Analysis  of  Round  Mountain  coal. 
[R.  N.  Brackett,  analyst.] 

Water 1. 224 

Volatilo  matter 10. 298 

Fixed  carbon 78. 119 

Siilpluir 3. 149 

At^h ^ 7. 210 
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Round  Mountain  is  easy  of  access  either  from  Beehe  or  Conwaj', 
Cypress  Valley  being  well  disposed  for  the  location  of  a  railway  liiic\ 

Cypress  Valley,  especially  the  country  about  Round  Mountain, 
abounds  in  good  brick  clays,  while  the  region  is  well  timbered. 

There  are  other  shale  hills  in  the  Cypress  Valley  syncline,  the 
largest  of  which  is  about  7  miles  east  of  Conway,  Faulkner  County, 
in  sees.  11  and  14,  T.  5  N.,  R.  12  W.,  in  a  hill  which  is  also  known  as 
Round  Mountain.  The  body  of  the  hill  is  of  dark  argillaceous  shale 
capped  by  sandstone.  The  rocks  are  identical  in  age  and  character 
with  those  of  the  White  County  section,  except  that  thus  far  no  coal 
beds  have  been  found  in  the  Faulkner  County  hill.  Tliis  hill  rises 
between  250  and  300  feet  above  the  valley  and  is  nearly  a  mile  long. 

In  sees.  11  and  14  of  the  same  township  and  range  there  is  another 
shale  hill  that  is  identical  in  structure  and  character  with  the  one  just 
mentioned,  though  somewhat  smaller  and  only  about  half  a  mile  long. 

CLAY   DEPOSITS. 
CLAY    SHALES. 

In  addition  to  the  localities  specified  above  as  ccmtaining  large 
and  accessible  clay  shale  deposits,  it  should  be  remembered  that  tlu^ 
parallel  valleys  of  White,  Faulkner,  and  Conway  counties  are,  for  the 
most  part,  underlain  by  clay  shales,  many  of  which  are  available  as 
refractory  materials  for  various  uses. 

In  the  highlands  the  brick  clays  are  most  abundant  in  the  shal(». 
valleys.  The  valley  lying  just  northwest  of  Searcy  and  swinging 
north  and  northeast  in  the  vicinity  of  Center  Hill  and  opening  into 
the  Red  River  Valley  east  of  Mount  Pisgah  may  be  taken  as  tyf)ical 
of  those  shale  valle^-s  of  the  county  in  which  considerable  deposits  of 
brick  clays  have  accumulated.  In  places  these  cla^^s  are  spread  out 
in  thin  beds  for  miles  over  the  valley,  in  others  the  beds  are  from  10 
to  20  feet  thick,  while  in  still  other  small  areas  they  are  (»ntin*ly 
absent. 

Along  some  of  the  larger  streams,  such  as  Red  River,  Big  lurh'an 
Creek,  and  Bayou  des  Arcs,  the  bottom  lands  are  largely  bucksliot 
clay  with  alluvial  soil  adjacent  to  the  streams.  In  the  iminerliate 
valley  of  Cypress  Bayou  good  brick  clays  are  abundant,  especially 
about  the  headwaters  of  that  stream  and  in  the  vicinity  of  Round 
Mountain,  in  T.  o  X.,  R.  10  W. 

In  the  region  of  the  lower  hills  the  brick  clays  are  at  many  places 
of  great  thickness.  The  following  is  a  section  of  a  well  borefj  near 
Pangbum  post-office,  in  the  nrirthwest  comer  of  the  county,  in  the 
XE.  i  SE.  i  sec.  10,  T.  0  X.,  R.  S  W.  This  record  was  kindly  fur- 
nished by  Dr.  F.  L.  Shaw,  r>f  Pangbum. 
4813(K-Bull.  .V^l— 4)>5 i."i 
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Section  of  well  near  Pangburn  post-office. 

Feet. 

Brick  clay 16 

Hard  sandstone 4 

Black  shale 70 

Hard  bluo  sandstone 4 

The  western  j)art  of  White  County  is  mountainous,  and  on  the 
liighest  elevations  the  brick  clays,  although  not  altogether  wanting, 
are  not  so  thick  or  abundant  as  in  the  lower  lands. 

TERTIARY    AND    QUATERNARY   CLAYS. 

From  Cypress  Bayou  to  Bradford  the  St.  Louis,  Iron  Moimtain  and 
Southern  Railway  runs  through  White  County  just  east  of  the  line 
of  junction  between  the  Carboniferous  hills  on  the  west  and  the 
Tertiary  and  Quaternary  deposits  of  the  lower  flat  coimtry  to  the 
east.  This  line  divides  the  county  into  two  sections  which  differ 
widely  from  each  other  in  geologic  age  and  in  character.  The  clays  of 
the  two  areas  also  differ  more  or  less.  Those  of  the  hilly  region  are 
derived  directly  from  shales  by  decomposition.  The  clays  in  the 
lowlands  and  valleys  are  the  products  of  the  erosion  of  the  higher 
points,  while  the  clays  of  the  lowlands  farther  east  are  often  horizon- 
tally stratified.  Good  brick  clays  are  abundant  in  various  parts  of 
White  County,  especially  along  the  line  of  the  St.  Louis,  Iron  Moun- 
tain and  Southern  Railway.  ^ 

The  Tertiary  and  Quaternary  clays  along  the  Iron  Moimtain  Rail- 
way are,  according  to  Mr.  Kennedy,  made  up  of  two  divisions.  The 
upper  division  is  a  brownish-yellow  sandy  clay  of  very  nearly  the 
same  texture  throughout.  In  places  it  has  a  greater  proportion  of 
clay;  in  others  it  is  nearly  a  sandy  loam,  while  in  still  others  it  is  a 
clean  sand.  It  varies  also  in  color  from  a  brownish  yeUow  to  dark 
orange,  or  even  red. 

The  second  or  underlying  division  is  usually  a  dark-bluish  clay, 
soniewliat  brownish  when  damp  and  weathering  almost  white  when 
dry  and  exposed  for  some  time.  In  some  places  this  clay  is  of  a 
reddish  color,  owing  to  the  presence  of  a  greater  quantity  of  iron. 
Although  this  lower  bed  is  somewhat  lighter  in  places,  it  does  not 
materially  vary  in  texture  or  composition,  and  wherever  found  in 
the  region  as  red,  white,  or  blue  clay  it  is  essentially  the  same  mate- 
rial, lias  the  same  (jualities,  and  is  available  for  the  same  uses.  In 
('(>ini)arinji^  the  well  records  in  the  district  these  variations  in  color 
have  to  be  taken  into  consideration,  for  obsei'vers  may  report  the 
same  beds  as  having  different  colors. 

These  two  deposits  vary  considerably  in  thickness  in  different 
parts  of  the  county.  The  underlying  bluish-white  clay  is  persistent 
over  the  wliole  area,  but  tlie  brownisli-yellow  clay,  overlying  the 
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blue,  is  by  no  means  so  extensive  and  is  at  some  ])laces  altogether 
absent.  In  the  Beebe  district  the  brownish-^^ellow  surface  material 
varies  from  3  to  6  feet  in  thickness.  At  Searcy  it  is  3  feet  thick, 
while  a  mile  west  of  Searcy,  in  a  well,  it  is  only  2  feet  6  inches  thick, 
and  it  has  the  same  thickness  (2  feet  6  inches)  at  Judsonia. 

Wells  in  the  neighborhood  of  Kensett  show  that  the  upper  clay 
there  is  very  irregular  in  thickness,  while  in  some  of  them  it  is  wanting 
altogether.  In  the  Briggs  well,  in  the  S.  i  NW.  \  NE.  J  sec.  16,  T. 
7  N.,  R.  6  W.,  it  is  2  feet  tliick.  On  the  road  near  Captain  Moseby*s 
house,  about  a  quarter  of  a  mile  south-southeast  of  Moseby's  gin 
house,  in  the  NW.  i  NW.  }  sec.  15,  T.  7  X.,  R.  6  W.,  it  is  3  feet  thick. 
At  West  Point  an  extensive  area  is  altogether  devoid  of  any  such  cov- 
ering, while  the  railway  from  that  place  to  Kensett  shows  it  in  various 
places  to  have  a  thickness  of  2  to  4  feet. 

Brownish-yellow  clay  or  earth  suitable  for  the  manufacture  of  brick 
is  found  in  spots  throughout  the  area  under  consideration,  but  most 
of  these  areas  are  too  small  to  be  shown  on  a  small  map.  These  spots 
occur  in  rolls  or  on  the  tops  of  ridges,  and  may,  as  at  Judsonia,  occupy 
parts  of  sees.  8,  9,  and  17.  At  Searcy  the  brownish-yellow  earth 
extends  over  an  area  that  is  possibly  a  quarter  of  a  mile  wide  and 
three-quarters  of  a  mile  long,  occupying  the  small  valley  rumiing  west 
from  the  to\vn  of  Searcy  through  the  centers  of  sees.  1 0  and  9  and  the 
middle  of  sec.  8,  T.  7  N.,  R.  7  W.  This  area  includes  the  best  brick 
clays  in  this  neighborhood. 

The  sections  exhibited  in  the  well  borings  from  Cabot,  Beebe,  Ken- 
sett, and  Juds(mia,  in  a  ccmtinuous  line,  as  well  as  those  along  the 
lines  from  Searcy  to  West  Point,  show  the  i)ersistence  of  the  underly- 
ing bluish-white  or  bluish-brown  clay.  This  clay  is  dark  bluish  brown 
w^hen  moist  and  gray  when  dry.  The  light-gray  appearance  is  due  to 
patches  of  pale-blue  clay  embedded  in  the  mass.  When  exi)osed  at 
the  surface  and  allowed  free  cimtact  with  the  rain  these  whitish  or 
pale-blue  spots  become  fluid  and  spread  over  the  face  of  the  cutting, 
giving  the  whole  a  light  appearance.  This  clay  contains  also  numer- 
ous patches  stained  with  iron  and  some  almost  black.  The  following 
sections  show  the  relations  between  the  upper  yellow  loam  de})()sits 
and  the  lower  blue  clays  and  sands: 

Section  in  C.  AW//'.s'  mil,  mar  Bccbc. 

Feet. 

1.  Surface  clay 1 

2.  BluLsli  clay  wiili  «lark-<<)lnr<'(l  and  iroii-.slaiiK'd  patclics 10 

3.  Joint  clay 20 

4.  Yellow  sandy  clay 11 

5.  Quiokpand 7 

').") 
No.  1  of  this  section  is  used  for  bricks  and  ^'o.  2  fot  dvxvxw  xAfe. 
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In  tlie  W.  i  X.  J  NE.  }  NW.  }  sec.  8,  T.  5  N.,  R.  8  W.,  a  well  dug 
by  Mr.  Parker  gives  the  following: 

Section  in  Varher*8  well. 

Fe«t. 

Yellow  loam G 

AVhit(^  joint  clay 12 

lied  Handy  joint  day  with  pebliles 35 

53 

\V.  A.  Ballou  liaii  a  well  at  Beehe  20  feet  deep,  which  shows — 

Section  in  Ballot's  well. 

Feet. 

Y'ellow  day 3 

Bluish  day 17 

20 

Part  of  the  upper  division  of  the  lower  bed  is  dug  and  mixed  with 
3  feet  of  yellow  clay  for  brick  clay,  and  the  articles  so  made  burn 
better  and  are  much  harder  than  those  made  from  the  yellow  brick 
earth  alone. 

That  part  of  White  County  lying  east  of  the  St.  Louis,  Iron  Moun- 
tain and  Southern  Railway  has  not  been  examined  except  at  West 
Point.  The  general  geology  of  the  region,  however,  is  inferred  to  be 
very  nearly  identical  with  that  of  Lonoke  and  Prairie  counties. 
Good  brick  clays  are  likely  to  be  found  throughout  most  of  the  eastern 
part  of  White  County.  In  the  wet  lands  or  slashes  the  limonite  buck- 
shot is  found  in  the  clays  a  short  distance  below  the  surface,  and,  as 
is  well  known,  these  nodules  injure  clays  more  or  less  for  brickmaking 
purposes.  The  best  brick  clays  of  White  County  are  found  on  the 
higher  lands. 

CLAY  INDUSTRY. 

The  upper  yellow  clays  are  made  into  bricks  at  Beebe,  Searcy,  and 
Judsonia,  and  a  mixture  of  the  yellow  and  upper  portion  of  the  bluish 
clay  is  also  used.  The  blue  clay  beneath  was  formerly  also  used  by 
Mr.  C.  Essig  at  Beebe  for  the  manufacture  of  drain  tiles.  The  Beebe 
clay  makes  hard,  sohd  bricks,  but  their  color  is  not  satisfactory  and 
they  can  not  therefore  be  used  for  facing  and  other  purposes  where 
ornamental  or  fine  bricks  are  required.  Their  color  when  properly 
burned  is  a  light  gray,  sometimes  running  into  a  dark  cream,  but  they 
are  not  of  a  uniform  shade.  These  bricks  are  well  adapted  for  use  in 
foun(hitions  where  a  sound,  hard  brick  is  required  without  regard  to 
its  roughness  of  appearance  or  poor  color. 

When  the  l)rownish-yellow  upper  bed  is  used  alone  the  clay  is 
worked  in  a  very  soft  conditicm  and  in  drying  shrinks  considerably 
and  shows  a  tendency  to  warp.  A  mixture  of  the  two  clays  forms  a 
brick  which,  although  coarse,  is  of  good  quality,  and  is  less  liable  to 
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shrink  or  warp.  The  mixing  of  the  clays,  however,  requires  a  great 
amount  of  care  and  time.  The  material  of  the  lower  bed  nmst  be 
dug  up  and  allowed  to  lie  for  some  time  before  it  is  incorporated  with 
the  upper  clay. 

If  the  clay  were  dug  from  the  lower  bed  during  the  fall  of  the  year 
and  Ifeft  exposed  to  the  disintegrating  influences  of  the  rains  and 
frosts  of  the  winter  and  spring  its  texture  for  brick  or  tile  making 
purposes  would  be  materially  altered  and  improved.  By  such  treat- 
ment it  would  be  pulverized,  mellowed,  and  almost  (U)mpletely  tem- 
pered, and  with  slight  additional  treatment  could  be  manufactured 
into  bricks  of  a  bright-red  color,  more  uniform  than  those  made  from 
the  upper  bed  alone,  and  of  better  texture  than  those  made  either 
from  the  upper  clay  or  from  a  mixture  of  the  two. 

As  a  material  for  the  manufacture  of  drain  tiles  this  winter-mel- 
lowed clay  would  serve  a  verj'  good  purpose.  It  would  turn  out  a 
stronger  tile  than  any  at  present  used. 

In  May,  1905,  Mr.  J.  Y.  Woodscm  was  operating  a  brick  plant  at 
Searcy,  one-half  mile  west  of  the  court-house.  The  yellow  surface 
clay  is  used  to  a  depth  of  3  feet.  The  mud  is  pugged  in  a  ring  pit 
with  a  Raymond  wheel  run  by  horse  power,  and  must  be  ground  for 
one  and  one-half  to  three  hours  before  it  can  be  molded.  In  the 
summer,  when  the  clay  is  drj^  it  requires  200  to  250  galhms  of  water 
to  temper  sufficient  mud  to  make  1,000  bricks.  In  the  winter  it 
requireis  less  than  half  that  amount  of  water. 

The  bricks  are  common  wet-mud  bricks  molded  by  hand  and  dried 
in  racks  in  the  oi)en  air.  They  are  burned  in  up-draft  kilns  of  200,000 
capacity.  Wood  is  used  for  burning,  and  abcmt  three-fifths  of  a  cord 
is  used  for  each  1,000  bricks.  The  bricks  require  twelve  to  fourteen 
days  for  drying  and  six  to  eight  days  for  burning.  The  plant  is 
operated  by  six  men  and  three  boys,  and  the  output  is  about  5,000 
bricks  a  day. 

WOODRUFF  COUNTY. 

GENERAL  GEOLOGY. 

The  surface  of  the  western  half  of  Woodruff  County  is  composed 
of  the  alluvial  bottom  lands  of  White  and  Cache  rivers.  The  surface 
of  the  eastern  half  varies  from  a  reddish  clay  to  sandy  prairie  land, 
25  to  30  feet  higher  than  the  bottoms  of  Cache  and  White  rivers. 
The  prairie  area  is  cut  into  north-south  ridges  by  Bayou  de  Vue, 
Buffalo  Creek,  Caney  Creek,  and  other  small  streams.  The  most 
prominent  of  these  ridges  is  Nubbin  Ridge,  which  has  a  north-south 
trend  through  R.  2  W.  The  top  of  this  ridge  is  25  to  30  feet  above 
the  Cache  Riv^er  bottom  to  the  west.  The  soil  on  Xubbin  Ridge  is 
much  poorer  than  the  rich  alluvial  soils  of  the  bottoms  to  the  east 
antl  west. 
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The  geologic  strata  of  the  county  belong  to  two  distinct  i)eriods. 
The  bottom  lands  are  all  alluvial  sands,  which  are  now  being  fonned 
by  the  present  streams.  The  prairie  lands  and  ridges  belong  to  a 
much  earlier  period  in  Quaternary  time. 

\Miere  the  railroad  passes  up  to  Nubbin  Ridge  from  the  bottom 
land  just  south  of  Colona  the  cut  shows  the  following  section: 

Section  of  Nubbin  Rid(je  near  Colona. 

Ft.     in. 

Soil 10 

Reddish  to  yellowish-tinted  loamy  clay,  containing  buckshot 

concretions;  practically  impervious  to  water 2      2\ 

White  sandy  clay,  sharply  separated  from  the  above  by  its  lack 

of  moisture,  and  grading  down  into  a  reddish  resistant  sand, 

and  this  to  a  purple  loose  sand 10 

The  same  order  of  strata  that  is  given  above  is  seen  in  the  road 
a  short  distance  west  of  Powell. 

The  tjT^ical  prairie  lands  in  the  western  part  of  St.  Francis  County 
extend  westward  into  Woodruff  County.  The  following  section  was 
obtained  in  wells  at  Hunter: 

Seclion  of  wells  at  Hunter. 

Ft.     In. 
Soil  (a  few  inches)  at  top. 

Red  clay,  sticky  and  soft  when  wet 2      6 

White  clay 3-6 

Hardpan  (clay) 9-15 

Clay  and  yellow  sand,  very  hard  when  dry 5 

Fine  gray  sand 5 

White  sand 4 

Quicksand  with  some  gravel,  water  bearing 3 

Hardpan 3 

Sand  be(*()niing  coarser  at  bottom,  water  bearing 35-45 

CLAY  INDUSTRY. 

At  present  there  is  but  one  plant  in  Woodmff  County  where  clay 
is  utilized.  This  is  a  common  wet-mud  brick  plant  located  at  Cotton 
Plant.  The  bricks  are  made  from  the  yellow  loam  wliich  occurs  in 
the  prairie  section  of  the  county.  There  are  no  large  towns  in  the 
county  except  Augusta,  which  is  located  in  the  alluvial  sands  of 
Wliite  River,  so  that  the  local  demand  for  building  brick  is  not  great. 

YELL   COUNTY. 

GENERAL  GEOLOGY. 

The  general  geologj'  of  Yell  County  is  similar  to  that  of  Pope  ana 
Logan  on  the  north  and  to  that  of  Scott  and  Logan  on  the  west. 
The  clan's  therefore  fall  naturally  into  the  same  classes,  namely, 
(1)  Carboniferous  shales  and  clays  interbedded  with  the  hard  rocks 
in  ])hu'e;  (2)  brick  loam  and  Inickshot  clays;  (3)  terrace  clays  along 
Arkansas  River;  (4)  clays  of  the  Arkansas  River  flood  plains. 
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CLAY  DEPOSITS. 
CARBONIFEROUS   CLAY   SHALES. 

In  Yell  County  the  great  shale  member  at  the  top  of  the  Atoka 
formation  is  again  one  of  the  most  prominent  and  important  of  the 
Carboniferous  rocks.  This  shale  enters  Yell  County  on  the  west,  on 
the  south  side  of  Magazine  Mountain  2i  miles  west  of  Waveland, 
and  extends  along  the  south  side  of  both  Magazine  and  Chickahah 
mountains.  At  the  east  end  of  Chickahah  Mountain  it  runs  round 
the  end  and  then,  turning  westward,  extends  along  the  base  of  the 
ridge  imtil  it  joins  the  same  outcrop  around  the  base  of  Huckleberry 
Mountain.  The  same  beds  run  entirely  around  Three  Knobs  Moun- 
tain, around  Spring  Mountain,  and  around  Mount  Nebo.  The  shale 
bed  underljring  the  sandstone  on  the  south  side  of  Dardanelle  Kidge 
is  this  same  shale. 

Shales  lower  in  the  geologic  scale  are  exposed  over  a  large  j)art  of 
Yell  County.  At  Chickahah  village  and  in  the  valley  thereal>out 
there  are  many  exposures  of  such  shales.  At  Danville  shales  are  well 
exposed  along  Petit  Jean  Creek  with  a  dip  X.  60°  W.,var3'ing  from 
20*^  to  24°.  These  shales  extend  over  the  flat  valley  for  miles  east 
of  Danville.  On  the  Rover  road  south  of  Danville  and  on  the  nortli 
side  of  Danville  Mountain  there  are  many  exposures  of  clay  slialr»s 
interbedded  with  sandstones,  and  these  alternations  of  shale  and 
sandstone  continue  to  the  top  of  Danville  Mountain.  Along  the 
road  running  from  Danville  to  Ola,  along  the  ba.se  of  the  mountain, 
the  rocks  are  nearly  all  .shales  and  all  dip  toward  the  north.  At  Ola, 
on  the  Choctaw  Railway  and  just  south  of  the  I'ailroad  station,  is  a 
cut,  12  feet  deep,  in  .shales.  A  few  hundrerl  feet  west  of  the  station 
there  is  a  large  exposure  of  promising  kK>king  shales  in  .the  railroad 
cut.  Along  the  road  leading  from  Ola  toward  Dardanelle  shales  are 
exposed  at  many  places  for  a  mile  or  more,  all  of  them  ilij)ping 
northward.  Wliere  the  Ola-Dardanelle  road  rros.-«rffs  Petit  Jean  ('n-t-k 
the  flagg>' shales  diji  X.  H(r  K.  at  an  an^Hf  of  14'.  On  tin-  rulirc  a 
mile  north  of  Dardanelle  tIk-  rcA  ^lay  i-  undr-rlain  by  fi-'-jle  -haU* 
dipping  north  and  pa.--in;f  U-neath  Danlanf-Ue  lifff-k. 

The  brick  loam  or  yellow  and  a.-hen  hijok.-hot  olay-^  f-over  a  lar/r- 
area  in  the  lowland.--  of  ^'^11  Counly:  indeed.  :h^r^r  ir.  proha^iy  :r.orr- 
clay  of  this  kin'i  in  ^'^Ji  than  in  any  orFi^r  fouury  in  t},^-  .Sr«T^..  Tf.e 
clays  are  esy^-r-ially  abMn^lant  an^l  r}ii^:k  alor;::  V^'ii  Jf-hii  ('rt-i-V. 
from  the  jx>int  wh^r^-  rhar  -^tr^ai/i  entr-r-  the  ^o'jnry,  '/,  or  \  :r.iif-r 
southwest  of  \W''('\niA.  \h  tFi^-  pja/^e  wh^re  i"  ^-luit^'v-^  ir.fo  Arl-:;i:.-<i- 
River — a  di.-rr an^e  of  af a/ j t  T,i)  rn il ^-^ .  I n  \)\ a^-^-r  r^v r  h  o f  I >a .-^i a:. •■; > 
the  yellow  loam  i.r  ^-xyy-t-n  u,  a  'leprh  of  ^;lly  12  feet.  j,v.r  •he  V/'al 
thickness  of  rhe  ^ie^'Kr-i^  i-  nor  vj-ibje. 
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The  following  are  a  few  localities  at  which  the  brick  loam  has  been 
noted:  On  the  upper  Dardanelle-Danville  road  3  miles  from  Dar- 
danelle,  at  a  place  where  the  road  crosses  the  stream,  the  loam  is  6 
feet  thick,  with  sandstone  fragments  at  the  base.  It  is  a  widespread 
deposit  in  the  lower  parts  of  the  valley  between  Chickahah  and 
Belleville  and  between  Belleville  and  Danville.  The  valley  soil  about 
Danville  is  mostly  the  *' buckshot''  loam.  In  many  of  the  low  red- 
clay  hills  along  Harris  Creek  several  feet  of  yellow  clay  lies  beneath 
the  red  clay,  and  waterwom  pebbles  beneath  the  yellow.  At  Johnsons 
Bridge,  on  the  lower  Dardanelle-Danville  road  1  mile  southwest  of 
Dardanelle,  the  yellow  loam  is  at  least  12  feet  thick.  This  exposure 
is  especially  interesting  because  it  exhibits  the  relations  of  the  choco- 
late clays  of  the  river  country.     The  following  is  the  section: 

Section  at  Johnsons  Bridge. 

Feet. 

Greenish-yellow  loam  with  some  waterworn  cobbles 4 

Chocolate  clay  with  calcareous  concretions  and  nodules 4-8 

Yellow  sandy  clay  with  calcareous  matter  in  crevices 12 

Tlie  demarcation  between  the  chocolate  clay  and  the  underlying 
yellow  sandy  clay  is  very  clear  at  this  locality.  The  lower  bed  is 
deeply  scored  by  big  gullies  that  are  in  places  as  much  as  12  feet  deep. 
The  calcareous  matter  of  the  lower  bed  is  derived  from  that  of  the 
chocolate  clay  by  solution  and  redeposition,  as  is  indicated  by  the 
fact  that  the  concretions  of  the  lower  bed  occur  mainly  in  cracks 
and  are  not  disseminated  through  the  mass  as  they  are  through  the 
chocolate  clays. 

The  following  section  is  an  analysis  of  the  lower  yellow  clay  of 
the  Johnsons  Bridge  section: 

Analysis  of  the  lower  yellmv  clay  at  Johnsons  Bridge,  1  wile  south  of  Dardanelle. 
[Specimen  dried  at  110*>  llfj"  C.    J.  P.  Smith,  analyst.] 

Silica  (SiOa  ) 74.  48 

Forric  oxide  (FegO., ) 7.  52 

Alumina  (AUOg) 11.  58 

Lime  (CaO) 64 

Magnesia  (MgO) 20 

Manganese  oxide  (MnO) 41 

Potash  (K2O) 1. 10 

Soda  (Na^O) 54 

lyoss  on  ignition 4.  11 

100.64 
Water  at   110°  lir)°(' 1.83 

TKRUAC'K    CLAYS    ALONG    ARKANSAS    RIVER. 

Contain  clays  and  silts  along  Arkansas  River  are  quite  different 
from  any  found  in  the  Paleozoic  region  away  from  that  stream. 
Such  are  the  h)anis  used  for  the  manufacture  of  common  bricks  at 
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Argenta  and  at  Fort  Smith.  Tlio  saiuo  clays  occur  in  Yell  (\nnuy 
in  the  s<*con«l  bottoms,  usually  well  away  from  the  river.  But  as  the 
Yell  County  line  follows  this  river  for  2S  miles,  there  is  an  ahumlance 
of  this  material  in  the  second  bottoms,  especially  between  Darda- 
nelle  and  the  mouth  of  Petit  Jean  (Yeek.  Over  the  pink  and  yellow 
clays  that  form  most  of  these  terraces  lie  patches  of  what  the  Arkan- 
sas Geological  Survey  has  called  chocolate  clays.  Tlu^se  chocolate- 
colored  clays  are  very  fine  silts,  and  are  extremely  plastic  tuid  sticky 
when  wet.  When  dried  they  often  break  up  in  small  anjrular  and 
conchoidal  fragments  and  are  sometimes  called  "buckshot"  clays, 
not  on  account  of  the  presence  of  the  ircm  nodules  that  characterize 
the  true  '* buckshot''  loams,  but  because  it  falls  to  pieces  in  th«»se 
small  lumps  about  the  size  of  a  buckshot.  These  ch(»colate  clays 
have  thus  far  been  found  in  the  State  only  within  the  area  subject  to 
overflow  by  Arkansas  River,  and  it  has  therefon*  been  su|>posed  that 
they  are  silt  deposits  made  by  that  streauL  The  se<*tion  at  »lohnsons 
Bridge  just  given  shows  that  the  chocolate*  clay  is  of  lat(M'  age  than 
the  yellow  and  ])ink  loams  of  the  second  bottoms.  The  cho<'olate 
clay  usually  contains  an  abundance  of  limc^  nodules.  Th<»  <'lay  itself 
is  also  high  in  lime,  as  is  shown  by  the  following  analysis: 

Amihi»\s  of  chavoJatc  vlnii  fntin  Johnsons  llriiltit\  nctir  Ihtniantlli . 

[Spi-ciiiioii  (Iru'.l  at   llo'  ll"i^  (".     Mnw-ki'll   .'.  Srnitli.  unalysls] 

Silira  (SiOj :.«;.  iM 

IroniF^^O^) (i.  <is 

Aliiiiiimi  (AU);,) '. W).  H<» 

Liiiu- i('aO)t* .l.Vr. 

Magnesia  (Mg()  I !m; 

Potash  (  K/) ) '2.\:i 

S<Mla(Xa/)) I.(K) 

I>»ss  on  itrniiimi i).  •*»'/ 

MH.s:. 
WaUT  at  1 10"'  \]:^  {• V.  VV 

A  qualitative  (examination  of  tiie  no«liilc»  i;i  tiir-  rhocolnir  cliiy 
showe<l  that  they  consist  chiefly  of  linu*  (  ai  boiuit**,  but  llicy  nniimti 
considerabh*  iron  an<l  magnesium. 

The  chocolate  clay  overlying  this  yellow  sandy  rlny  u\  Jolin.^ons 
Bridge  and  elsrwlnTe  in  tli<*  neighborhood  has  \u'('U  tri^'d  for  brick- 
making,  but  without  >iiccc<-.  Indeed,  it  may  be  -et  down  ji-  a  rule 
that  the  chorohitr  <|jiy.  when-ver  foinid  in  the  StJit*-.  i-  un-uited  to 
brickmakin;r. 
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ALLUVIAL   CLAYS    ALONG   ARKANSAS    RIVER. 

The  clays  of  the  great  flood  plain  of  Arkansas  River  are  confined 
to  the  river  bottoms  proper.  They  are  for  the  most  part  extremely 
variable  in  character  and  thicknass  and  hold  out  but  little  promise 
of  beinti;  useful  as  clays. 

CLAY    INDUSTRY.** 
POTTERY. 

In  the  SE.  i  SE.  i  sec.  12,  T.  6  N.,  R.  21  W.,  a  deposit  of  light- 
bluish,  red-streaked  clay  overlies  the  black  sh&les  to  a  depth  of  3  to 
5  feet.  This  same  clay  covers  the  greater  part  of  the  section.  Some 
years  ago  it  was  worked  as  a  pottery  clay,  and  was  manufactured 
into  a  strong,  dark-red  earthenware.  When  glazed  the  material 
used  for  the  purpose  was  broken  glass  and  soda,  which  gave  the  ware 
a  peculiar  greenish  color.  This  clay  may  be  suitable  for  sewer  pipes 
or  any  ware  requiring  a  strong  plastic  clay  capable  of  burning  to  the 
verge  of  vitrification  and  taking  a  salt  glaze. 

In  the  E.  i  SE.  J  sec.  11,  T.  6  N.,  R.21  W.,  soft  blue  argillaceous 
shales  appear  to  underlie  3  feet  of  broken  red  shales  and  sandstones. 

COMMON    BRICKS. 

In  the  NE.  i  NE.  i  sec.  1,  T.  6  N.,  R.  21  W.,  bricks  have  been  made 
from  a  light-yellowish  sandy  clay.  This  clay  is  about  2  feet  thick 
and  overlies  a  red  clay.  The  red  clay  forms  the  surface  soil  in  the 
northern  part  of  the  same  section  and  also  in  part  of  the  NW.  J  NW.  J 
sec.  0,  T.  6  N.,  R.  20  W.  No  bricks  have  been  made  in  this  yard 
since  1880.  From  the  broken  pieces  of  brick  lying  on  the  yard  they 
appear  to  burn  to  a  salmon  color  when  soft,  and  when  burned  hard 
are  gray  and  spotted  with  iron. 

On  lot  2  of  the  NW.  J  SW.  i  sec.  6,  T.  6  N.,  R.  20  W.,  bricks  were 
made  some  years  ago  by  Messrs.  Perry  &  Kimball  and  afterward  by 
Mr.  R.  Smiley.  A  yellowish  day  containing  small  wliite  calcareous 
concretions  was  used  for  the  manufacture  of  these  bricks.  This  clay 
is  unsuited  for  hand  molding,  and  the  bricks  were  made  on  a  Hotch- 
kiss  machine.  Owing  to  the  stiffness  of  the  clay  and  the  tendency 
of  th(»  green  bricks  to  crack  when  exposed  to  the  sun,  there  was  con- 
siderable (lifliculty  in  drying  them  until  drying  sheds  were  built- 
lender  cover  the  bricks  dried  very  slowly,  but  ^vdthout  much  loss 
through  l)reakage.  In  burning  these  bricks  the  firing  was  kept  up 
for  tw(*lve  to  fourteen  days.  The  shrinkage  or  settling  in  the  kiln  is 
said  to  have  been  considerable,  but  no  reliable  information  could  be 
o])tjiinc(l  on  the  subject.     The  eye  bricks  showed  a  slight  tendency 

"  Thr  iiutfs  <iu  Ihccluy  industries  <»f  Yell  C'oiiTJly  won'  mu«le  by  Mr.  Willium  Kennedy. 
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to  vitrification  and  were  of  a  dark  metallic-blue  color.  The  bricks 
were  hard  and  apparently  durable,  some  of  them  put  down  in  a  pave- 
ment twelve  years  ago  being  still  sound.  In  the  SW.  J  SE.  J  sec.  29, 
T.  6  N.,  R.  20  W.,  J.  F.  Nolan  burned  a  few  bricks  in  1888.  The 
earth  used  by  him  is  of  orange  color.  The  bexl  is  2  feet  thick  and 
extends  over  an  area  of  30  acres.  The  bricks  burned  hard  and  range 
in  color  from  a  dark  cherry-red  to  a  light  gray.  The  hard-burned 
bricks  are  spotted  with  dark  iron  stains.  The  loss  at  this  kiln 
amounted  to  about  one-third. 

The  only  plant  in  operation  in  the  county  at  the  present  time 
(1906)  is  run  by  William  Murphy,  at  Dardanelle,  for  making  common 
bricks.  No  further  information  concerning  this  establishnlent  was 
obtained. 

ANALYSES   OF  CLAYS. 

In  the  table  of  analyses  of  pottery,  fire,  and  other  clays  of  Arkan- 
sas given  on  pages  236-237,  certain  typical  clays  of  Ohio  and  Mis- 
souri are  also  included  for  purposes  of  comparison. 
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THE   CLAYS   OF   AKKANBAB. 
PRODUCTION. 


There  has  been  a  steady  increase  in  value  of  the  clay  products  in 
Arkansas  since  1899,  as  the  followinjj;  fibres  will  show:'* 

Value  of  day  products  of  Arkansas  1SU9-V.H>7. 


Your. 


189*» $339,142      1904. 

1900 '    381.012  ,;  1905. 


Year. 


1901 407,263 

1902 520,178 

1 90:J ;    689, 946 


1906. 
1907. 


Amount. 


1696,582 
643,956 
532,194 
536,286 


Th(^  output  and  value  of  the  various  clay  products  of  Arkansas  for 
the  year  1907  are  summarized  below.  The  number  of  operating 
firms  reporting  is  52. 

Quantities  and  values  of  various  clay  products  of  Arkansas  in  1907. 


! 
Quantity.    \ 

Value. 

S468,706 
(ft) 

11,940 
(ft) 
5.160 
16,950 
33,530 

Average 
price  per 
thou- 
sand. 

Common  brick 

Vitrifiod  brick 

68,463,000 

S6.85 
10.00 

Front  brick 

1,010,000  ! 

11.82 

Fi  re  'brick 

12.36 

Drain  tile                           

Earthenwaro  and  stoneware 

Miscellaneous  «■ 

1 

536,286 

istics  of  the  clay-working  industries  in  the  United  States  in  1904,  by  JefTerson  Middlcton. 
tided  in     Miscellaneous'^to  avoid  disclosing  the  operations  of  individual  establishments. 


«  Stat  IS 

''  Include 

t-  Includes  vitrified  and  fire  brick,  hollow  building  tile  of  blocks,  etc. 


IiI8T  OF  CI^Y  WORKE118. 


The  following  table  gives  a  directory  of  the  clay  workers  in 
Arkansas  in  1906,  together  with  the  location  of  their  plants  and 
data  concerning  materials,  processes,  etc. 


PRODUCTION. 
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THE   CLAYS   OF   ARKANSAS. 
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A. 

rage. 

Akron,  Ohio  clay  from,  analysis  of 237 

Albany,  cluy  from,  analysis  of 'ill, '237 

Alejcandof;  clays  near 

Alga  Bluff,  clays  at 

Alma .  clay  Industry  at ^" 

clays  near "<) 

section  near 70 

Alius,  clays  near l***- 

?>tnf[.jUM  ^iJ.  ^^- 

Amsli^iirl  vlltp,  diiy  s  near 05 

Analyses,  discussion  of 4.'V-4<) 

table  of -''^^a^ 

S'-r  iilso  parliitihir  roun'/V'*- 

Archimedes,  occurrence  of I •'> 

Argenta.  clays  near H»l .  '"^ 

Arkadelphia,  section  at •'*" 

Arkadelphla  shale,  character  ami  distribu- 
tion of 37  .'W 

Arkansas,  geologic  map  of rocket. 

Arkansas,  ( i futo^'ica  1  Stifv^-y  of l» 

Arkansas  County,  description  of 47 

well  In.  record  of '*" 

A rkansas  Itlver,  clays  oji ■'»'' 

1»1>,  131, 132.  '^ );').  2 1 2  213. 232  -2.34 

Arkansas  Valley,  description  of II 

Aihley  County  (IcscripUon  <»f 1^ 

well  In,  reconi  of '^ 

At  kins,  clay  Industry  at '♦•'> 

Atoka  formation,  clays  Ln 1'2«.>.  231 

Austin,  clays  Jiear '■'■* 


i). 

Baker  Creek,  clays  near ' 

Barber,  days  at ' 

Barren  Coal  Measures,  Identity  of 

Sec  aUo  Winslow  formation. 
BatesvlUe  sandstone,  character  an«l  distri- 
bution of 1+ 

Bauxite,  clays  associatefl  wit  h 32 

occurrence  of 

study  of 

Bayou  des  Arcs,  clays  on 

Bayou  Meto.  clays  on 

Bayou  Meto  anticline,  «lesc^rij)li<>n  of 

Bay  Village,  clays  of 

B*:i  .iJHRtO'ftt 

days  near 

wells  near,  recoils  of 227 

U*^fc\\  rrnftfc,diiy?i  oik ^^ 

Bol^  v;l^'   I'NiyiilteAr 

Belva,  clays  at 

Benton,  clay  indU8tr>'  nen r l"»T 

clays  at  and  near -  ^^' 

analyses  of '  •  • ' 

lieds  of,  elevations  ol 

kaolin  at ^-^ 

48186— Bull.  tiTfl    -as        u, 


lJ««nton,  kaolin  at,  analy.sis  of 107 

wx-tionsat is.!.  1«M01.  K»2 

s<^-t ions  a t ,  figure  showing tsc* 

Bibliography.  referenc<^  to "2(1 

»ig  Crow  Creek,  fos.siis  on W) 

Big  Indian  Creek,  clays  on 22.5 

Bird  clay,  analysis  of •**'" 

(lUHllty  of "•'» 

Biswell  Hill,  section  through,  iigiin'  show- 
ing       ■-*•»•■• 

Black  Fork  of  Poteau.  clays  on 2(nj 

Black  Kock,  clay  industry  at I2<i 

Blaine,  clays  at l-"> 

Boliviir  Creek,  clays  on *' 

Boone  chert.    Srr  Boone  fonnation. 
Boone  fonnation    character  ami  ilislribii- 

llon  tif l-< 

Booneville.  clays  at I'2!».  l-n 

intiiuu  MonjiUijis.  de.<»cription  «>r H 

BrudUy  Covuity  clays  of ■"'" 

*j inscription  of         is  .7) 

wplls  in  TiXintf    <>r \'.*J*i 

Bra.shy  Branch,  clays  on 1"2*.» 

Brick,  clays  for.  analysi's  of -''.• 

clays  for.  nnl lire  ot ••'»  l'» 

(iccurnMice  ot 30  :!2.::r..  p;is.siiii. 

colors  ol ■*'' 

niamifacture  of ^J 

Briiikley,  well  at.  ri'cord  of 1*^1 

Brushy  Creek,  clay  on H'"* 

Brushy  Mountain,  clays  at 130 

Buchanan,  E.  C,  on  Tike  ('«nnity  days  ..   llo-l.'jn 

Buck  Mountain,  clay  on !•'>*< 

I    Bucksh<»t  clays,  analyses  of 2S.  ISI 

character  of 2x.  11 

occu rnMicc  of :iS.  44 -4.'..  .")0.  '.»:>.  23 1 .  pa ssi ni. 

origin  of -^ 

usi's  of -■'•  ■*■' 

I    Buckshot  land,  analysis  ol iVi 

\  nature  of 2S 

f vci]  rf f'fio;  of .  '' 

Burchard,  E.  K..  workof '• 

Burnsviile.  flays  near -'us 

Butler  clay.  (iuallt>  of '"< 

Butlers  Ilidge.  clays  at ^fr) 

Bryant,  clays  ni'ar I'-'l  '''2 

C. 

Calmt .  clay  indu.«5try  .-it ':<■* 

clays  near '  »•• 

well  near.  re<;onl  ol '■•■' 

(  nche  KiY;'r.  clays  on JJ.  M.  I". 

failrou  Creek,  clays  nu .".'.'.''.' 

C.ilhouii  (■oinity.cla\s«>f ■"'-'■"'* 

gi'oiogy  of "*;  •^: 

sa-tions  in "-.-v 

1\\ 
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Calico  Mountain,  clays  near 130 

Call,  R.  E.,  on  drainage  in  Arkansas 27 

Canulon.  clays  at  and  near 138-139, 145-146 

Canada  Creek,  clay^  on 81 

Carboniferous  rocks,  occurrence  and  charac- 
ter of 14-17 

section  across,  figure  showing 17 

Carrion  Crow  Mountain,  clays  on 157-158 

coai  in 157 

section  of 158 

Cato  syncline,  description  of 94, 132 

Cement  clays  for,  analyses  of 29 

Chalk  BlufTs,  clays  near 42 

Chambcrsville,  clays  near 52-53 

Cheatham  clay,  analysis  of 87 

quality  of 74-75 

section  of 74 

Cheltenham,  Mo.,  clay  from,  analysis  of 237 

Chemical  action,  clays  due  to 32 

Cherry  Valley,  clays  of 40, 72 

Chickahah,  clays  near 232 

Chickahah  Mountain,  clays  near 231 

Clarks  Creek,  clays  near 77 

clays  near,  analysis  of 87 

Clarkesville,  clays  near 122-123 

clays  near,  analysis  of 122 

section  near 122 

Classification  of  clays,  plan  of 20 

Clay  County,  clays  of 45,54 

Clay  products,  production  of 238 

Clay  workers,  directory  of 239-240 

Cleveland  County,  clay  industry  in 5C 

clays  of 54 

geology  of 54-55 

sections  in 55 

Cloverhead ,  section  at 125 

Coal,  occurrence  of 16,98, 156-157 

Coal  Hill,  clays  at 121, 123-124 

section  near 124 

Collegeville,  clays  on 192 

clays  on.  analysis  of 193 

section  on 193 

Colonji .  suction  near : 230 

Color  of  clays,  explanation  of 40 

Columbia  County,  clay  industry  in 58 

clays  of 5(>-58 

well  in,  record  of 57 

Conway,  clay  industry  in 97 

clays  near 95,96,225 

section  near 97 

figure  showing 92 

Conway  County,  clays  of 58-61 

geology  of 58 

section  in 59 

C(toks  Creek, clays  on 84 

Coops  Prairie,  clays  of 208 

scc'tio!!  through,  figure  showing 208 

Copperas  Creek,  clays  on 40 

Coriiisb  Kerry,  clays  at 90 

Cox  Creek ,  clays  near 75 

Cr.iight'nd  County,  clay  industry  m r»3-f)4 

claysof 02 

gPolojry  of G2-(i3 

sections  in 02,03 

Crawford  County,  clays  of 66-71 


Pago. 
Crawford  County,  clays  of,  analyses  of ... .  67-69 

geology  of 65-66 

sections  In 65-66, 70 

Crawfords  Blufif,  clay  at 49 

Cretaceous  clays,  disposition  of 37-38 

distribution  of 37 

Cretaceous  rocks,  occurrence  and  character 

of : 18,37 

Crider,  A.  F.,  work  of 9 

Crittenden  County,  description  of 70-71 

Crooked  Creek,  clays  on 192 

Cross  County,  clay  industry  in 73 

clays  of 40, 44, 72 

geology  of 71-72 

sections  in 71,72 

Crowder's  clay,  analysis  of 87 

quality  of 76-77 

Crowleys  Ridge,  clay  and  lignite  near 39-40 

clays  on,  analyses  of 155, 181 

description  of 12 

geology  of 43-45 

Cypress  Bayou, clays  of 133 

Cypress  Valley,  clays  In 95,225 

D. 

Dallas  County,  clay  industry  in 88-89 

clays  of 73-87 

analyses  of 87 

geology  of 73 

sections  in :...  74,78-86 

Danville,  clays  at 231,232 

Danville  Mountain,  clays  at 231 

Dardanelle,  clay  Industry  at 235 

clays  at 232 

analysis  of 237 

Dardanelle  Ridge,  clays  of 130, 167, 231 

Darysaw  Creek,  clay  on 106 

Dayton,  clays  near 208 

Devall  Blufif,  clay  Industry  at 161-162 

section  at 161 

Devonian  rocks,  occurrence  and  character  of       13 
Distribution  of  clays,  conditions  governing.       34 

details  of 34-46 

See  also  individual  counties. 

Double  Ilead  Blufif,  clays  at 72 

Drainage,  benefit  of 27 

Drain  tiles,  clays  for,  character  and  distri- 
bution of , 27 

Drew  County,  clay  Industry  In 90 

geology  of 89-90 

well  in,  section  of 89 

Dry  Tulip  Creek,  clays  on 74 

section  on 74 

Dyer,  clays  near 70 

E. 

East  Cadron  Creek,  clays  on 96 

East  Tulip  Creek,  clays  on 82 

Eckel,  E.  C,  preface  by 9 

Eldorado,  clays  near 219 

section  near 219 

Ellsworth,  clays  near 130 

El  Paso,  topography  near 222 

England  Creek,  clays  on 45 

Enolia,  clays  near 59 


INDEX.  243 
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Faulkner  County,  clay  industry  in 9(>-97  '  Hackett  City,  clays  from,  analysis  of 207 

clays  of y2  [  Hamburg,  well  at,  record  of 48 

geology  of 90-92      Hampton,  clays  ne^r 52 

sectionof 97  I  Harris,  G.  D..  on  Arkansas  clays 48-49,55 

sections  of,  figures  showing 91-29  '  Ilarrisburg,  clay  industry  at 156 

Fayetteville,  cbiy  industry  at 07  >         clays  at 45-46 

FayetteviUe  fonnation,  character  and  dis-  ,  analyses  of 154-156 

trihution  of 15  sections  at 154 

Feldspar,  analysis  of -. 25  '  Hartinan,  clays  at 121 

Felker  mine,  clays  at 121  !  Uartshorne  sandstone,  character  and  dis- 

Felsenthal,  clay  industry  at 221  ,  tril.utionof 17,157-158 

Fire  clays,  analyses  of 236      Hayt«,  C.  W.,  work  of 12,33 

occurrence  and  character  of 35,  '  Hays  Creek,  clays  on 84 

(i6-G7. 12s.  i)asslin.  t  Ilegwood  Prairie,  clays  on 131 

Fletcher  Creek,  clays  on 129  j  Helena,  clays  near 42 

Forrest  City,  clays  at 44      Hempstead  County,  clay  industry  In 110-111 

clays  at.  analysis  of 181  cla  j's  of 110 

sections  at  and  near 17\M  analysis  of Ill 

Fort  Smith,  clay  indust  ry  at 201-204. 214-217  ,         goology  of 1 10 

clays  at  and  near (is.  101 , •Jt)l-i.lHi      Holland,  clays  near 95,  i;i3 

analysis  of 202. 204, 206. 217. 236  |   Holland  synclino,  dj'scriptlon  of 93-94 

sections  at 205.216      Hope,  clay  Industry  near 110-111 

Fort  Smith  formation,  character  and  distri-  !         clays  near 110-111 

butionof 17  I  analysis  of Ill 

Fossils,  occurrence  of 3S-39  i  Hot  Sprinj^  County,  clay  industry  in 117 

Fourche  La  Fave  Uiver,  clay  on 200  clays  of 57, 1 12- 116 

Fourche  Mountain  district,  days  of ir)2-166  I  analysis  of 113 

clays  of,  analysis  of H)4.ir^|         geology  of 112 

wells  in,  sections  of 164,165  i         sj'ction  in,  figure  showing J 13 

Franklin  County,  clay  industry  In 102-103  |         wells  in,  sections  of 114-115 

clays  of 98. 102      Huckleberry  Mountain.  cla>  s  n t V.V), 231 

analysis  of 99  '  Hunter,  wells  near,  records  of XVi 

geology  of 97-98  '   Huntington,  clays  near 208 

sectionsin 98,99,101.102  ' 

Freeo  Creek,  clays  on 77.  S5 

Fuller,  clays  nejir 208      Illinois  Cm'k,  clays  on 157 

i   Iniboden,  clays  at 126 

O.  Intrusive  rocks,  charact<'r  and  distfibution 

OalnesviUe,  clay  industry  at los  '**  ' 

^  '  .o  ,MD      Iron  Ore  Mountain,  clavs  of 168 

clays  at 42, 108 

analysis  of 42, 108 

Oarianl  County,  clay i»of 103,  J. 

rectoritein 1(«-104  ,  jackson  County,  clays  of 118 

analysisof 103  description  of 117-118 

Geologic  history,  outline  of is.  36  I  j^.fferson  County,  clay  industry  in 119 

Geologic  map  of  Arkansas Pocket.  days  of 118-119 

Geology  of  region,  bibliography  of 37  i         soction  in llS-119 

description  of 12-19  ,  jonnings  Hill,  clays  at 129 

general  features  of n-12     Johnson  County,  clays  of 120-124 

Golden  City,  chys  lit 129  elays  of,  analyses  of 122 


I. 


Ivy.  clays  near 79 


Goodwin  Prairie,  clavs  from .  a  nalyses  of  . .  1S1-1S2 


geology  of 120 


Goulets  Island,  lignite  on 50  |         poctions  in 121, 122 

well  on,  record  of 50      Johnsons  Bridge,  clays  at 232 

Grant  County,  days  of 104  ci„ys  at,  analyses  of 232, 2:J3, 2.36 

description  of 104  s'-ction  at 232 

U^nlteof 10.->  I  .lonesboro,  day  industry  at VjH-M 

wells  in,  records  of 105  c\ayn  at 44-45 

Oreenbriar,  days  near 95  analyses  of 63 

Oreenbriar  syndine,  description  of 94  ^.^,l\  n,„jr^  n»cord  of 03 

Greene  County,  clay  industry  in Kis     .j,„iv,oni.'i.  dav  industry  at 228 

days  of 40,45,107,108-109  days  near '. 227 

analyses  of 41, 42,  lOS,  10i» 

gBOlQgyof 107-los  K:. 

Green'sday,  analysis  of s7      Kaolin.  j»nalys«s  of 21,2.'i,  140, 141. ].')!. ](k"{,  196 

quality  of...  * 76  i  bodsof.dr.scrlptionof.  116,1 48- KVaiiS.V^V-VXl 

Gum  Bottom,  clays  in  .      .      106  I  aecUo^\oi,i^vgo.xv^ft\vc^^s\wt ^^a. 
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Page. 

Kaolin,  formation  of 25 

nature  of 24-26 

variotii'H  of 194-195 

Kennedy,  ^Villianl.  work  of (iO 

Kensc'U,rluyMlf!4iT        227 

Kef  I ,  Uruno,  on  fildsriar  df^composltlon  —        22 

Kilmer  kaolin,  analysis  of 87 

quality  of 78-79 

Kinpsland,  clay  industry  at 66 

L. 

Lafayette  County,  doacriptlon  of 124 

section  in 124 

L*v\nguille  Kivor,  clays  on 44, 45, 154 

Lapijfi  rrw^kr  tin ys  on 220 

Laughlln,  Homer,  on  rectorite 104 

La  Ves(jue,  clay  near 40 

l^awrence  County,  clay  Industry  in 126 

geology  of 124-126 

sections  in 125 

l^e  County,  clay  industry  in 127 

clays  of 127 

analysis  of 127 

geology  of 126-127 

Lees  Creek,  clays  near 60 

JjesiCx       II  ,  analyin'jj  by 87 

Lign  trs,  octfUmencr^  of 18, 19,  39-41 

Liriiej^tarie,  duy  iratn 23 

clay  from,  figure  showing 23 

Lisl)on,  clays  near 219 

Little  y...\    rJii.ii,;t         63 

.  Little  Cypress  Creek,  days  on 81,82 

clays  on,  analysis  of 87 

kaolin  on 78 

section  of 78 

Little  I : '  ■■  ■     1  I  .■!  >■  ill  lit  ry  in 178-179 

clays  in  and  near 162 

analyJjes  of 175-176,237 

sections  in 170, 171, 172, 173, 174 

Little  Washburn  Creek,  clays  on 200 

Little  White  Oak  Kidge,  clays  at 209 

Llverj)ool,    Ihv^  nca  208 

LocUflLltjkyni|,day!*on     63 

Loosn.  analyses  of 108, 127, 165, 181 

characttT  and  distribution  of 29-31,43-44 

uses  of 30 

Logan  County,  clays  of 128-132 

clays  of,  analysis  of 129 

^fwlc!|,^^  Ml  128 

Lonoke,  clay  industry  at 134 

Lonoke  County,  clay  industry  in 134 

clays  of 44, 132-134 

geology  of 132 

wells  In.  records  of l.W.  1,S4 

Lorado,  section  near (i2 

Lost  Hurricane  Cn'ck,  clay  on  100 

Lovelmly,  clays  near 41- -12 

l/ower  Coal  measure,  identity  of 10 

b'cc  niso  Winslow  formation. 

M. 

Mal)clvale.  clays  at  and  near 102,  ir»(>-lG9 

el;i>s  ill  ;in(l  near,  analyses  of l(>G-lG7,Hiy 

w.lN  ;it,  nvords  of 167,l»i8,109 

McAlesler  group.  cliaract<'r  and  distriimtlon 

vi 17 


Page. 

McAlmont,  clays  near 177-178 

Magazine,  clays  at 129-130 

Magazine  Mountain,  clay  near 231 

Magness  Creek,  clays  on 133 

Magnet  Cove  kaolin,  occurrence  and  char- 
acter of 110, 150 

Magnolia,  clay  industry  at 68 

clays  near 5() 

wi»ll  near,  record  of 57 

Malvern,  clay  industry  at 1 17 

clays  near 114 

well  near,  record  of 114 

Mansfield,  clay  Industry  at 215 

clays  near 208 

section  near,  figure  showing 208 

topography  near 207-208 

Map,  geologic,  of  Arkansas Pocket. 

Marianna,  clay  industry  at 127 

clays  at  and  near 44-45, 127 

analysis  of 127 

Massard  Cnx^k,  clays  of 205 

Massard  Prairie,  clays  of 2a'>,212 

Mechanical  origin,  clays  due  to 24 

Mena,  clay  industry  near 100 

Meto  mils,  sj  vLion  of,  f  tg^u  re  showing 91 

Meto  Mountain ,  pectlon  of,  Aeur^  showing  .       91 

Miller  County,  clay  industry  In 136-137 

clays  of 135 

analyses  of 136 

geology  of 135 

sections  In 135 

Millpr  Ciodt,  clays  near 76 

Mlllrtiono  grit,  df^Bt^riptlou  of 16 

See  tMixo  Wirwlow  lorniulloii. 

Mlssijiiippl  County,  ilfl?K^rl])tifpr3  of 137 
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GEOLOGIC  RECONNAISSANCE  OF  A  TART  OF 
WESTERN  ARIZONA. 


By  Willis  T.  Lee. 


INTRODUCTION. 

Purpose  of  the  investigation' — The  investigations  described  in  this 
bulletin  were  made  in  western  Arizona  under  the  general  direction 
of  Mr.  N.  H.  Darton.  The  region  examined  lies  mainly  west  of  the 
high  plateau  and  north  of  latitude  33°  30'. 

The  original  purpose  was  to  investigate  the  water  resources  of  the 
region  and  the  extent  to  which  they  might  be  developed.  This 
necessitated  an  examination  of  the  geographic  features  with  special 
reference  to  irrigable  lands  and  the  possibilities  of  getting  water  to 
thcD^,  and  of  the  geologic  formations  with  reference  to  their  bearing 
on  questions  of  underground  water.  Conditions  were  found  so  unfa- 
vorable for  water  development  in  this  region  that  the  economic  results 
of  the  work  are  unimportant,  or  at  best  have  negative  value.  On 
the  other  hand,  the  region  proves  to  be  one  of  great  geologic  interest. 
Many  significant  features  were  observed,  and  their  bearing  on  impor- 
tant geologic  problems  was  noted,  but  want  of  suflicient  time  as 
well  as  the  desert  condition  of  the  region  made  it  impossible  to  fol- 
low out  many  of  the  most  interesting  lines  of  investigation. 

Extent  and  character  of  the  investigation. — The  observations  were 
made  during  rapid  reconnaissance  trips.  In  the  summer  and  autumn 
of  1.903  the  Ilualpai,  Detrital-Sacramento,  Big  Sandy,  Chino,  and 
Aubrey  valleys  were  visited,  and  Colorado  River  was  examined  from 
Needles,  Cal.,  southward  to  Yuma,  Ariz.,  the  object  of  the  river  trip 
being  to  examine  the  geologic  conditions  at  the  various  reservoir 
sites  of  the  Reclamation  Service  along  lower  Colorado  River.  Dur- 
ing the  spring  and  summer  of  1904  a  more  extended  reconnaissance 
was  made,  including  a  river  excursion  from  the  mouth  of  Grand  Can- 
yon to  Needles,  Cal.,  and  several  overland  trips  shown  on  the  accom- 
panying map  (PI.  I). 

The  amoimt  of  territory  covered  necessitated  for  the  most  part 
very  general  observations,  and  as  the  investigation  was  unde-^^Akse^ 
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in  the  interests  of  water  development  the  evident  impossibihty  of 
development  in  certain  places  rendered  it  impracticable  to  make 
extended  geologic  examinations  where  such  examinations  would  have 
been  of  great  scientific  interest.  For  these  reasons  the  fragmentary 
data  here  presented  might  perhaps  be  of  little  use  if  they  related  to  a 
region  fairly  well  known,  but  so  little  is  known  either  of  the  geology 
or  of  the  geography  of  this  region  that  the  information,  confessedly 
incomplete,  will,  it  is  believed,  be  of  value  to  many  persons. 

The  northern  third  of  the  region  is  covered  by  the  early  reconnais- 
sance maps  of  the  United  States  Geological  Survey,  and  the  geographic 
features  are  well  known.  Little  has  been  done,  however,  toward 
accurately  mapping  western  Arizona  south  of  the  thirty-fifth  par- 
allel. The  maps  heretofore  published  were  found  erroneous,  espe- 
cially in  the  locations  of  mountain  groups  and  lines  of  drainage.  It 
is  not  claimed  that  the  map  accompanying  this  bulletin  is  errorless, 
but  in  the  southern  part,  where  previously  published  maps  have 
been  most  incorrect,  this  map  is  believed  to  be  measurably  accurate 
owing  to  data  acquired  by  recent  railway  surveys  and  furnished  for 
use  in  this  bulletin  by  W.  A.  Drake,  engineer  of  the  Santa  Fe  Rail- 
way system. 

The  geologic  formations  were  mapped  where  practicable,  and  their 
general  distribution  over  the  greater  part  of  the  region  was  deter- 
mined. Data  concerning  their  character  and  occurrence  were  col- 
lected as  far  as  time  would  allow,  and  special  attention  was  giveji  to 
the  recent  geologic  history. 

During  the  investigation  it  became  evident  that  changes  of  a  physi- 
ographic nature  have  occurred  in  recent  geologic  times,  which  have 
produced  notable  results.  Changes  in  surface  elevation  and  configu- 
ration and  in  climatic  conditions  have  resulted  in  periods  of  aggrada- 
tion and  periods  of  degradation  during  which  nearly  the  entire  region 
was  affected.  The  evidences  of  these  changes  are  found  in  such 
phenomina  as  recently  formed  canyons,  filled  valleys,  aggraded 
plains,  and  the  deflection  of  streams. 

The  chief  economic  results  of  the  examination  have  to  do  with  the 
development  of  both  surface  and  underground  waters.  Attention 
is  also  called  to  the  mining  districts  of  the  region,  and  certain  possi- 
bilities of  development  of  the  mineral  resources  are  pointed  out. 

Summary  of  previous  Tcnowledge. — Little  information  has  hitherto 
been  published  regarding  the  geology  of  this  region.  In  1856  Jules 
Marcou's  notes  were  published  in  the  Pacific  Railroad  Reports,"  in 
which  he  briefly  describes  the  geologic  features  along  the  route  trav- 
ersed, including  the  igneous  and  granitic  rocks  of  the  Truxton  Pla- 
teau, the  detrital  filling  of  the  Big  Sandy  Valley,  and  the  gneiss  and 

oMarcou,  Jules,  Pacific  Railroad  reports,  vol.  3,  185G,  p.  155. 
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lava  flows  in  the  region  of  Williams  Canyon.  Again,  in  1858,  he 
makes  brief  mention  of  the  region  in  hLs  ^'Geology  of  North  America. ''* 

The  first  account  of  any  considerable  value  is  found  in  Lieutenant 
Ives's  report  on  lower  Colorado  River,  published  in  1861.  Part  3 
of  this  report,  by  J.  S.  Newberr>%  describes  the  geology  along  the 
route  traversed  by  the  Ives  expedition.  Newberry  ascended  Colo- 
rado River  to  the  mouth  of  the  Virgin,  and  crossed  the  northern 
part  of  the  region  from  Fort  Mohave  eastward  to  the  Colorado 
Plateau.  Later,  Major  Powell,  in  the  course  of  his  exploration  of 
Colorado  River,  skirted  the  northern  border  as  far  as  the  mouth  of 
the  Virgin,  and  in  the  early  seventies  Gilbert  and  Marvine  described 
its  northern  part  in  the  final  Wheeler  reports.* 

A  few  scattered  references  to  the  geology  of  the  region  are  found 
also  in  various  mining  reports.  In  1866^  Silliman  visited  certain 
mines  near  Fort  Mohave,  and  described  in  a  general  way  the  volcanic 
rocks  of  Black  Mesa.  In  1863  Blake  observed  a  deposit  of  iron  ore 
near  Planet,  in  Williams  Canyon,  and  described  the  metamorphic 
strata  with  which  it  is  associated.**  This  deposit,  together  with  the 
copper  deposits  of  the  Planet  district,  have  recently  been  described 
by  McCam  ^  in  a  brief  sketch  of  the  geology  of  that  locality,  and 
Pratt  f  has  described  the  occurrence  of  ore  in  the  Socorro  mine,  near 
Harrisburg,  Ariz. 

GENERAL  GEOGRAPHY. 

RELATION  TO  SURROUNDING  REGIONS. 

Arizona  is  divided  into  three  general  geographic  provinces,^  known 
as  the  Plateau,  the  Mountain,  and  the  Desert  regions.  The  first 
province  is  well  known  through  the  writings  of  Powell,  Gilbert,  But- 
ton, Walcott,  and  others,  as  the  Colorado  Plateau;  its  western  limit 
is  very  definitely  marked  in  western  Arizona  by  the  Grand  Wash 
Cliffs.  Between  the  Plateau  and  the  Desert  regions  is  a  mountainous 
belt  comprising  the  second,  or  Mountain,  region,  which  includes  the 
greater  part  of  the  area  described  in  this  bulletin.  The  third,  or 
Desert,  region  is  mainly  one  of  low-lying  plains  with  more  or  less 
isolated  mountain  groups;  it  occupies  the  southwestern  part  of  the 
Territory. 


oMarcou,  Jules,  Geology  of  North  America,  1858,  p.  23. 

h  U.  8'.  r.eog.  Surv.  W.  100th  Mer.,  vol.  3,  pts.  1,  2,  and  5,  1875. 

f  Silliman,  Benjamin,  jr.,  On  some  of  the  mining  districts  of  Arizona:  Am.  Jour.  Sci.,  2d  sen, vol.  41, 
1806.  pp.  289-308. 

d  Blake,  W.  P.,  Iron  regions  of  Arizona:  Idem,  vol.  40,  1865,  p.  388. 

<  McCam,  II.  L.,  The  Planet  copper  mines  (Arizona) :  Eng.  and  Min.  Jour.,  vol.  78,  1904,  p.  26. 

/Pratt,  J.  II..  Gold  deposits  of  Arizona:  Idem,  vol.  73.  1902,  p.  795. 

^Ransome,  F.  L.,  Description  of  Globe  district:  Geologic  Atlas  U.  S.,  folio  111,  r.  S.  Geol.  Survey, 
1904,  p.  1. 
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No  definite  line  of  separation  can  be  drawn  between  the  Desert  and 
Mountain  provinces  in  the  area  here  described.  In  central  and  south- 
ern Arizona  the  distinction  is  well  marked;"  but  in  western  Arizona 
the  Mountain  region,  so  prominent  in  the  central  part  of  the  Terri- 
tory,  becomes  a  transition  belt  in  which  the  descent  of  about  6,000 
feet  from  the  high  plains  of  the  Colorado  Plateau  to  the  low-lying 
plains  of  the  Desert  region  of  southern  Arizona  is  accomplished 
through  several  mountain  groups  with  gradually  diminishing  eleva- 
tion. The  transition  becomes  less  marked  northward  until  in  north- 
ern Arizona  the  change  in  elevation  is  accomplished  largely  by  fault 
scarps. 

North  of  the  area  described  Gilbert,  in  the  Wheeler  reports  (and 
other  geologists  following  him),  makes  but  two  general  provinces,  the 
High  Plateau  and  the  Great  Basin,  but  states*  that  on  account  of  an 
interlocking  of  characteristics  along  the  borders  their  common  bound- 
ary is'  not  easily  located.  This  division  into  two  topographic  prov- 
inces is  a  more  natural  one  for  northwestern  Arizona  than  the 
threefold  division  of  central  Arizona.  The  basin  ranges  and  broad 
gravel-filled  valleys  of  Nevada  extend  southward  into  Arizona  and 
bear  the  same  general  relations  to  the  High  Plateau  that  they  do  in 
southern  Nevada  and  Utah. 

TOPOGRAPHY. 

General  character, — The  Colorado  Plateau  here  enters  into  consid- 
eration only  in  so  far  as  it  forms  the  boundary  of  the  area  described. 
This  ])ulletin  is  concerned  chiefly  with  the  low-h'ing  area  to  the  west. 

In  the  Mountain  region,  south  of  the  area  described,  the  rocks  have 
been  deeply  dissected  by  erosion,  and  great  crustal  movements 
have  occurred.  Near  the  escarpments  bordering  the  plateau  the 
mountains  consist  in  some  places  of  disturbed  portions  of  the  sedi- 
mentary formations  of  the  plateau,  let  down  to  their  present  position 
by  faulting.  Mountains  of  this  kind  occur  in  the  vicinity  of  Globe, 
Ariz./  in  the  Tonto  basin, ^  and  within  the  region  described  near 
the  mouth  of  Grand  Canyon.  In  many  places,  especially  at  a  distance 
from  the  edge  of  the  plateau,  sedimentary  rocks  are  not  found,  and 
it  is  difficult  to  determine  whether  mountains  composed  entirely  of 
crystalline  rock  are  due  to  local  elevation  or  are  simply  masses  left 
by  erosion  during  the  general  degradation  of  the  region. 


«  Tx-'f.  W.  T.,  I/ndfrgroMiKi  watc^rs  of  the  Salt  Kivcr  valley,  Arizona:  ^Vatf'^-S^I)ply  Taper  U.  S. 
(icol.  Survey  No.  VM\,  I'M).'). 

/'  (iillMrt,  C.  K.,  and  ^fa^vmo,  A.  K.:    I'.  S.  (Jcog.  Siirv.  W.  lOith  Mor.,  vol.  r,,  ISTf,,  p.  57. 

c  RaTisoiii",  F.  L.,  Description  of  filohe  district,  Arizona:  (icologic  Atlas  V .  S.,  folio  111,  U.  S.  Geo!. 
Surv<>,  VM)A.  Also  Geology  of  the  Globe  copj^r  district,  Arizona:  Prof.  Pap<'r  U.  S.  Geol.  Survey 
No.  12,  1 !«).'.. 

d  \jH\  W .  T.,  Underground  waters  of  the  Salt  River  valley,  Arizona:  Water-Supply  Paper  U.  8.  Qeol. 
Survey  No.  VM),  1905,  p.  117. 
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The  mountain  ranges  throughout  western  Arizona,  with  a  few  not- 
able exceptions,  lie  in  general  parallel  to  the  border  of  the  plateau. 
In  general,  also,  the  mountains  become  smaller  and  more  completely 
isolated  away  from  the  plateau.  In  central  Arizona,  where  the  dis- 
tinction between  mountain  and  plain  is  most  marked,  rugged  naoun- 
tains  extend  from  Mogallon  Mesa  to  the  Superstition  Mountains,  a 
distance  of  70  miles,  where  they  give  place  gradually  through  such 
isolated  groups  as  the  Phoenix  Mountains,  Estrella  Mountains,  etc., 
to  the  still  smaller  hills  of  southwestern  Arizona.  As  the  mountains 
become  less  prominent  the  valleys  broaden  and  finally  blend  into  a 
plain  completely  surrounding  the  isolated  mountain  groups.  The 
topographic  character  of  northwestern  Arizona  lies  between  these  ex- 
tremes, the  area  being  about  equally  divided  between  mountain  and 
plain. 

Mountains, — The  mountains  of  northwestern  Arizona  occur  in  four 
more  or  less  distinct  groups.  The  first  consists  of  a  series  of  cliffs  at 
the  eastern  border  of  the  region  known  as  the  Grand  Wash,  Cotton- 
wood, Aquarius,  and  Yampai  cliffs.  The  first  three  form  a  practi- 
cally continuous  escarpment,  extending  from  Colorado  River  south- 
ward to  Williams  Canyon,  a  distance  of  about  125  miles.  The  Grand 
Wash  Cliffs,  extending  from  Colorado  River  to  Music  Mountain,  a  dis- 
tance of  about  50  miles,  is  composed  of  crystalline  rock  at  the  base, 
overlain  by  the  sedimentary  formations  of  the  plateau  region.  At 
Music  Mountain  this  escarpment  divides,  the  lower  or  crystalline  part 
continuing  southward  under  the  names  of  the  Cottonwood  and  Aqua- 
rius cliffs  and  forming  the  edge  of  the  Truxton  Plateau,  while  the  upper 
or  sedimentary  part  recedes  to  the  east,  under  the  name  of  the  Yampai 
Cliffs.  With  the  lower  group  of  cliffs  may  be  included  the  Aquarius 
and  Artillery  mountains,  which  form  the  southward  extension  of  the 
Aquarius  Cliffs. 

A  second  group,  consisting  of  the  WTiite  Hills,  Cer])at,  and  Hualpai 
mountains  and  the  Aubrey  Hills,  forms  a  broken  rano:e  parallel  to 
the  cliffs  at  the  west.  The  White  Hills  and  the  Aubrey  Hills  arc  in- 
conspicuous as  topographic  features,  but  the  two  central  sections  are 
prominent.  The  Hualpai  Mountains  attain  a  maximuni  altitude  of 
8,266  feet  in  HuaLpai  Peak,  and  the  Cerhat  Mountains  an  altitude  of 
somewhat  more  than  7,000  feet  in  Cherunis  Peak. 

A  third  group,  lying  still  farther  to  the  west,  is  commonly  known 
as  the  Black  Mountain  Range,  and  consists  of  the  Black  Mountains 
proper.  Black  Mesa,  and  the  Mohave  Mountains.  This  range  is  rela- 
tively low,  except  at  its  northern  end,  but  is  continuous  from  Colo- 
rado River, southward  to  Sacramento  Wash,  where  it  is  broken  down 
for  a  few  miles  before  attaining  prominence  again  in  the  Mohave 
Mountains. 


14  RECONNAISSANCE    OF   PART   OF    WESTERN    ARIZONA. 

The  fourth  group  of  mountains,  situated  south  of  WilHams  River, 
does  not  correspond  with  the  other  three  groups  in  geographic  posi- 
tion or  in  regularity  of  arrangement.  In  place  of  the  parallel  arrange- 
ment of  north-south  ridges  just  described,  this  group  is  made  up 
of  three  large  east-west  ranges  and  three  small  north-south  ranges. 
The  Harcuvar  and  Harquahala  mountains  are  about  equal  in  altitude 
and  are  the  loftiest  and  most  massive  mountains  in  central  western 
Arizona.  The  other  groups  are  less  conspicuous,  though  the  Buck- 
skin Mountains  are  moderately  prominent,  particularly  at  their  east- 
ern extremity. 

Valleys  and  plains, — Three  distinct  kinds  of  lowland  occur:  First, 
the  valleys  and  canyons  now  containing  running  water,  such  as  the 
Colorado  and  Williams  valleys,  including  Big  Sandy  Wash  and  Santa 
Maria  Canyon;  second,  old  d6bris-filled  valleys,  such  as  the  Detrital- 
Sacramento,  Hualpai,  and  Big  Sandy  valleys ;  and  third,  plains  eroded 
from  hard  rock  or  built  up  by  flows  of  igneous  rock,  such  as  the  Trux- 
ton  Plateau.  Extensive  detrital  plains,  such  as  Cactus  Plain,  Rane- 
gras  Plain,  etc.,  which  occur  south  of  Williams  River,  are  probably 
debris-filled  valleys  similar  to  those  farther  north,  but  their  character 
is  not  certainly  known. 

DESCRIPTIVE  GEOLOGY. 

ROCK  FORMATIONS. 

The  rocks  of  western  Arizona  are  mainly  pre-Cambrian  crystallines, 
Tertiary  eruptives.  and  probably  Quaternary  sediments.  Sedimen- 
tary formations  of  Paleozoic  age  occur  only  at  the  eastern  margin  of 
the  area  described.  The  igneous  rocks  are  described  by  Albert  Johann- 
sen  (see  pp.  81-92),  but  many  of  the  details  upon  which  this  general 
description  is  based  may  be  found  in  the  following  sections. 

PRE-CAMBRIAN. 

The  oldest  rocks  of  the  region  consist  mainly  of  granites  and 
gneisses.  (See  p.  81.)  Coarse-grained  granitic  rock  giving  little  or 
no  evidence  of  gneissoid  structure  is  found  in  many  places  throughout 
northwestern  Arizona.  It  occurs  beneath  the  Cambrian  sandstone 
at  the  base  of  the  cliffs  in  the  eastern  part  of  the  region,  forms  the 
central  core  of  the  Black  Mountains,  and  constitutes  the  main  mass 
of  the  Cerbat  and  Ilualpai  mountains.  Gneiss  occurs  in  many  places, 
eitlier  in  extensive  masses,  as  at  the  southern  end  of  the  Hualpai 
Mountains  and  in  the  Aubrey  Ilills,  or  in  restrict (mI  areas  where  local 
niovcMnents  have  taken  phice,  as  near  Hualpai  Wasli,  at  the  northern 
end  of  the  region.  At  tlie  mouth  of  the  Grand  Canyon  the  granite, 
wliicli  liad  obviously  l)een  exj)ose(l  at  the  surface  j^jrior  to  the  depo- 
sition of  the  Cambrian  sediments,  is  prevailhigly  red  to  a  depth  of 
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200  feet  or  more.  A  similar  coloring  of  both  the  granite  and  the 
gneiss  was  noted  in  Black  and  Boulder  canyons  and  in  several  places 
south  of  WilUams  River. 

Metamorphosed  sediments,  consisting  of  quartzites,  argillites,  and 
limestones,  occur  in  several  localities  in  northwestern  Arizona.  These 
were  observed  in  Virgin  Canyon  at  the  northern  end  of  the  region,  in 
Williams  Canyon,  and  in  the  Granite  Wash  Hills  in  the  vicinity  of 
Hanisburg.  They  are  highly  metamorphosed,  faulted,  tilted,  and 
more  or  less  included  as  blocks  within  the  granites  and  gneisses.  They 
were  nowhere  observed  in  contact  with  the  Cambrian,  but  on  account 
of  their  high  degree  of  metamorphism  and  their  intimate  association 
with  granites  which,  in  the  cliffs'  region,  lie  beneath  the  Cambrian 
sandstone,  are  here  regarded  as  probably  pre-Cambrian  rocks. 

CAMBRIAN. 

According  to  the  various  writers  who  have  described  the  Grand 
Canyon  region,  Cambrian  rocks  occur  in  Grand  Canyon  and  are 
identical  in  character  with  those  in  the  cliffs  in  the  eastern  part  of  the 
area  described.  They  consist  of  a  coarse-grained  basal  quartzite  80 
to  100  feet  thick,  overlain  by  about  600  feet  of  yellowish-green 
arenaceous  shale.  The  quartzite  and  shale  together  comprise  the 
greater  part  of  the  Tonto  formation  of  the  Grand  Canyon  section. 

CARBONIFEROUS. 

Resting  with  apparent  conformity  upon  the  Tonto  formation  is  the 
Redwall  limestone  (the  Devonian  of  Grand  Canyon  described  by 
Walcott®  was  not  identified  in  the  cliffs),  which  is  1,000  feet  or  more 
in  thickness  where  examined.^  From  Music  Mountain  southward 
this  limestone  is  separated  more  or  less  distinctly  into  an  upper  and 
a  lower  division.  The  upper  part  is  massive,  with  little  tendency 
toward  separation  into  layers  even  in  weathered  surfaces.  The 
lower  part,  although  consisting  mainly  of  limestone,  is  made  up  of 
distinct  layers,  often  separated  by  thin  seams  of  chij. 

In  Truxton  Canyon  two  small  collections  of  fossils  were  obtained 
from  the  Redwall  limestone.  These  were  examined  by  G.  II.  Girty, 
of  the  Geological  Survey,  who  reports  the  following  lists. 

At  Yampai,  near  the  top  of  the  exposed  section,  the  following  were 
obtained: 


Derbya?  sp. 

Compoeita  aff.  C.  subtilita. 
Aviculipecton  sp. 
Aviculiperten  sp. 


Aviculipecton  sp. 

Myalina  sp.  aff  M.  moliniformis  and  M. 

rongcncris. 
Edmondia?  sj). 


a  Walcott,  C.  D.,  Am.  Jour.  Sci.,  :kl  sor..  vol.  2<).  1S«0,  pp.  221-22">. 

h  G.  K.  Gin>ort'8  swtion  at  the  month  of  Grand  Canyon  shows  a  thickness  of  2,i}7'}  fot'l  in  th««  U«Ml\vall 
limestone. 
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These  fossils,  according  to  Girty,  indicate  a  Pennsylvanian  or  *'Coal 
Measures''  age. 

Lower  in  the  section,  near  Nelson,  Ariz.,  Mississippian  forms  were 
obtained  as  follows: 

Nfonophylluin  (>x(>avatum.  ;  Spirifor  striatus  var.  madisoncnsis. 

Schucliortella  intecj[ualis.  1  Straparollus  sp. 

Spirifor  ccntHmatus.  ! 

Girty  states  that  this  is  the  Eomississippian  fauna,  which  has  a  wide 
range  over  the  West,  correlating  with  the  lower. "Wasatch"**  lime- 
stone of  Utah,  the  Madison  limestone  of  Yellowstone  Park,  and  the 
Chouteau  limestone  of  Missouri. 

The  Red  wall  limestone  has  been  described  by  Gilbert*  as  consisting 
of  "Upper  Carboniferous"  above  and  ** Lower  Carboniferous"  below, 
and  King^  makes  a  similar  division  of  the  "Wasatch"  limestone  in 
Utah.  It  is  probable  that  in  the  area  here  described  the  line  of 
sei)aration  between  the  Pennsylvanian  and  the  Mississippian  is  to  be 
drawTi  between  the  upper  massive  and  the  lower  laminated  divisions 
of  the  Redwall. 

TERTIARY. 

Eruptive*  rocks. — If  sediments  of  Triassic,  Jurassic,  or  Cretaceous 
age  were  deposited  in  western  Arizona,  they  were  removed  previous 
to  the  opening  of  the  Tertiary  period.  The  Tertiary  rocks  are  prin- 
cipally effusive  andesitos  and  rhyolites,  which  occur  in  isolated  moun- 
tain masses  and  in  ])road  slieets  having  a  maximum  thickness  of  3,000 
feet  or  more.  The  oldest  effusive  rock  is  the  andesite  of  the  northern 
end  of  Black  Mesa.  (See  p.  27.)  It  is  a  dark-colored  porphyritic 
rock  lying  above  the  granite  and  beneath  the  rhyolit^s  and  later 
audosites. 

The  older  andesite  is  overlain  by  extensive  beds  of  rhyolitic  ash, 
tufl",  and  (lows,  which  extend  over  a  large  part  of  western  Arizona,  and 
which  were  in  turn  fc^llowed  by  extrusions  of  andesite.  The  rhyolites 
and  younger  andesites  are  closely  associated  and  must  at  present  be 
described  togc^ther.  (See  })p.  S3-<S7.)  They  are  conspicuously  exposed 
in  the  Black  Mesa,  White  Hills,  Kingman  Mesa,  and  Aquarius  Moun- 
tains, but  extend  eastward  beyond  the  area  ma])i)ed,  and  farther  south 
occur  in  (extensive  masses  in  the  Chocolate  and  Dome  Rock  ranges. 

vSoine  of  the  older  ])asalt  sheets  of  the  region  may  also  belong  to  the 
TcMt iarv,  but  this  is  not  definitely  known.  They  cut  the  rhyolites  and 
andesites  in  dikes  and  overlie  them  in  sheets.     East  of  (^hloride  they 


"  l'r('s»-iit  UHM^'c  (if  the  (Jrolopcul  Survi-y  n-stricls  the  name  Wasatch  to  the  EfH-fiio  fonnation.  As 
Nooii  MS  siitn<iriit  (Idailed  work  can  IxMlonr, another  nanu'  will  Ix- a.ssignrd  to  the  Carboniferous  forma- 
tion. 

'•Cill'ert.  <i.  K..  Final  Kept.  V.  S.  (Jeog.  Surs.  W.  l()()th  Mer.,  vol.  X  IsTf).  pt.  1.  p.  178. 

•  King,  Clarence.  Final  Kept.  U.  8.  (Jeol.  Kxplor.  4()th  I*ar.,  vol.  1,  p.  lo,'). 
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occur  within  the  Detrital-Sacramento  Valley,  which  was  presumably 
excavated  in  late  Tertiary  time. 

Greggs  hrecda. — The  Greggs  breccia,  so  called  from  Greggs  Ferry, 
at  the  northern  end  of  the  region,  is  a  name  here  given  to  a  detrital 
formation  filling  the. Grand  Wash  Trough  and  having  an  exposed 
thickness  of  about  1,400  feet.  It  is  composed  of  coarse  unassorted 
and  poorly  stratified  material,  consisting  largely  of  blocks  of  crystal- 
line rock,  similar  to  the  granite  and  gneiss  of  the  Virgin  Mountains 
to  the  west.  Toward  its  top  the  detrital  material  is  cemented  with 
lime  carbonate,  and  in  places  the  upper  200  feet  consists  of  travertine 
containing  few  rock  fragments.  This  travertine  is  best  exposed 
south  of  Colorado  River  and  east  of  Greggs  Ferry,  where  it  caps 
conspicuous  cliffs,  which  rise  1 ,400  feet  or  more  above  the  river. 

The  formation  contains  no  fossils,  so  far  as  observed,  and  its  refer- 
ence to  the  Tertiary  is  based  largely  on  the  physiographic  evidence 
given  in  detail  in  the  description  of  the  Grand  Wash  Trough  and  later 
in  the  section  on  ^'Geologic  history.''  Briefly  stated,  the  accumula- 
tion of  the  breccia  antedates  the  cutting  of  Grand  Canyon,  which 
apparently  began  either  in  the  latter  part  of  the  Tertiary  or  at  the 
beginning  of  the  Quaternary. 

QUATERNARY. 

Temple  Bar  conglomerate. — Temple  Bar  conglomerate  is  a  name  here 
given  to  a  sand  and  gravel  formation  having  wide  distribution  in  west- 
em  Arizona.  It  occurs  in  the  Colorado  and  other  valleys  of  that 
region,  filling  the  low  places  generally  to  an  altitude  of  3,000  feet  or 
more.  The  conglomerate  is  typically  exposed  near  the  mouth  of 
Virgin  River  at  Temple  Bar,  from  which  it  takes  its  name.  At  this 
point  it  consists  of  slightly  consolidated  sand  and  gravel  exposed  in 
nearly  perpendicular  cliffs  (PL  II),  in  which  are  included  sheets  of 
basalt. 

Where  exposed  along  the  Colorado,  the  Temple  Bar  conglomerate 
is  evidently  a  river  deposit,  but  it  merges  laterally  into  deposits  of 
angular  mountain  wash  in  some  places,  and  possibly  into  lacustrine 
deposits  in  others.  It  rests  unconformably  upon  the  Greggs  breccia 
and  older  formations,  and  is  apparently  equivalent  in  age  to  the  wide- 
spread detrital  accumulation  filling  the  law  places  of  the  Southwest 
generally  and  forming  the  desert  plains  of  Arizona  and  parts  of  south- 
em  California. 

No  fossils  have  been  found  in  the  conglonierate,  and  there  are  no 
means  known  at  the  present  time  by  which  it  may  be  definitely  corre- 
lated with  other  formations.  In  composition,  geologic  and  physio- 
graphic relations,  and  general  appearance  it  is  similar  to  the  Gila 
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conglomerate  described  by  Gilbert °  from  the  Gila  Valley;  by  Ran- 
somed from  the  vicinity  of  Globe,  Ariz.;  by  Lindgren'^  from  eastern 
Arizona,  and  by  the  present  writer*'  from  the  Salt  River  Valley  in 
central  Arizona.  The  greater  part  of  the  Temple  Bar  conglomerate, 
however,  is  not  usually  so  well  consolidated  as  the  Gila  conglomerate, 
although  in  places,  especially  where  the  older  portions  are  exposed, 
it  is  as  firmly  cemented. 

In  constitution  and  general  appearance  the  formation  resembles 
the  Lake  Bonneville  beds  of  Utah  described  by  Gilbert  *  as  Quater- 
nary. The  correlation,  however,  is  based  mainly  on  physiographic 
evidence,  the  discussion  of  which  is  included  under  '*  Geologic  his- 
tory,'' and,  for  the  sake  of  clearness,  is  placed  after  the  section  on 
descriptive  details. 

Chemehuevis  gravel, — Chemehuevis  is  here  applied  to  a  series  of 
gravels  that  lie  unconformably  upon  the  Temple  Bar  conglomerate 
in  the  terraced  bluffs  along  Colorado  River  from  Grand  Canyon  to 
the  Gulf.  In  the  open  valleys  south  of  Black  Canyon  they  form  the 
conspicuous  bluffs  seen  in  characteristic  development  from  Bulls 
Head  southward.  The  name  is  derived  from  the  Chemehuevis 
Valley,  south  of  The  Needles.  The  gravels  are  about  700  feet  in 
maximum  thickness,  but  occupy  a  measurably  narrow  belt  along 
the  river,  having  been  deposited  as  valley  filling  during  an  aggrading 
stage  of  Colorado  River.  (See  p.  65.)  Their  unconformable  relations 
with  the  Temple  Bar  conglomerate  and  their  imconsolidated  condition 
render  it  probable  that  they  are  of  late  Quaternary  age. 

Basalt  flows, — Included  in  the  Temple  Bar  conglomerate  in  many 
places,  and  sometimes  overlying  that  conglomerate,  are  sheets  of 
basalt  from  a  few  feet  to  800  feet  in  thickness,  in  some  places  occu- 
pying large  areas.  These  are  younger  than  the  basalts  which  were 
described  on  page  16  as  having  perhaps  been  outpoured  at  the  close 
of  the  Tertiary  and  which  underlie  the  Temple  Bar  conglomerate. 

GEOGRAPHIC  AND  GEOLOGIC  DETAILS  OF  HIGHLANDS. 

GRAND  WASH  CLIFFS. 

Location. — ^The  Grand  Wash  Cliffs,  located  in  the  northeastern 
part  of  the  area  described,  form  an  escarpment  extending  from 
Music  Mountain  northward  beyond  Colorado  River.  They  constitute 
the  boundary  between  the  High  Plateau  or  Grand  Canyon  district  to 
the  east  and  the  low-lying  Basin  region  to  the  west. 


"  Gilbert,  G.  K.,  U.  S.  Geog.  Siirv.  W.  100th  Mer.,  vol.  3,  pt.  5,  1875,  p.  540. 

'>Ransorne,  F.  L.,  Geology  of  Globe  copper  district,  Arizona:  Prof.  Paper  U.  S.  Geol.  Survey  No.  12, 
1903,  pp.  47-51. 

c  Lindgren,  Walderaar,  The  copper  deposits  of  the  Clifton-Morenci  district,  Arizona:  Prof.  Pai)er 
U.  S.  Geol.  Survey  No.  43,  1905,  pp.  75-77. 

d  Lee,  W.  T.,  Underground  waters  of  the  Salt  River  Valley,  Arizona:  Water-Supply  Paper  U.  S.  Geol. 
Surrey  No.  136,  1905,  pp.  111-114. 
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Topographic  features. — ^The  Grand  Wash  Cliffs  are  very  precipitous, 
as  shown  in  section  P-P',  PL  V,  rising  4,000  feet  or  more  above  the 
plains  to  the  west.  The  drainage  of  the  plateau  near  the  cliffs  is 
northward  to  Colorado  River,  and  the  continuity  of  the  westward- 
facing  escarpment  is  broken  by  few  canyons. 

The  lower  or  granitic  portion  of  the  cliffs,  though  not  so  nearly 
perpendicular  as  the  upper  or  limestone  portion,  is  steep,  and  the 
slopes  meet  the  detrital  surface  of  the  Hualapai  Valley  at  high  angles. 
Numerous  detrital  cones  have  formed  at  the  foot  of  the  escarpment, 
but  they  are  comparatively  small.  In  a  few  places  the  cones  join 
laterally,  forming  an  alluvial  slope,  but  in  general  the  escarpment 
rises  abruptly  from  the  nearly  level  floor  of  the  valley. 

Rock  nuisses. — At  the  mouth  of  Grand  Canyon  the  cliffs  are  com- 
posed principally  of  Carboniferous  limestone  (Redwall)  and  Cam- 
brian sandstone  and  shale  (Tonto),  with  a  little  granite  exposed  at 
the  base.  In  Music  Mountain,  at  the  southern  end  of  the  Grand 
Wash  Cliffs,  the  same  series  occurs,  but  the  granite  is  more  exten- 
sively exposed,  the  base  of  the  Tonto  being  about  4,000  feet  higher 
than  at  the  mouth  of  Grand  Canyon. 

The  granite  is  coarse  grained  and  is  intersected  by  dikes  and 
sheets  of  intrusive  rocks  which  terminate  abruptly  at  the  contact 
between  the  granite  and  the  overlying  sandstone  of  the  Tonto.  This 
contact,  as  seen  in  the  face  of  the  escarpment,  is  a  practically  straight 
line  and  represents  a  base-leveled  surface  upon  which  the  Cambrian 
sediments  were  deposited. 

The  sandstone  at  the  base  of  the  Tonto  at  the  mouth  of  Grand  Can- 
yon is  80  feet  thick  and  the  overlying  shale  is  about  600  feet  thick. 
About  12  miles  southwest  of  the  mouth  of  the  canyon,  at  the  base 
of  the  tilted  block  through  which  Iceberg  Canyon  is  cut,  the  sand- 
stone is  again  80  feet  thick,  but  the  overlying  shale  is  only  200  feet. 
A  few  miles  north  of  Music  Mountain,  in  the  pass  occupied  by  the 
road  from  the  Hualpai  Valley  to  the  plateau,  the  sandstone  was 
found  to  be  50  feet  thick  and  the  overlying  shale  300  to  400  fe^t  thick. 

The  Devonian  of  the  Grand  Canyon  region,  described  by  Walcott," 
was  not  identified  by  the  writer  in  the  Grand  Wash  Cliffs.  The 
highest  formation  observed  was  the  Redwall  limestone,  wliich  forms 
the  rim  of  the  cliffs,  and  though  more  or  less  eroded,  still  has  a  thick- 
ness of  1,000  feet  or  more,  according  to  locality. 

COTTONWOOD  AND  AQUARIUS  CLIFFS. 

Location, — At  Music  Mountain  the  escarpment  divides,  the  upper 
or  sedimentary  part  receding  toward  the  east  and  the  lower  or  granitic 
part  continuing  southward  under  the  names  of  the  Cottonwood  and 
the  Aquarius    cliffs.     The   Cottonwood   Cliffs    extend   from   Music 

a  Walcott,  C.  D.,  Am.  Jour.  Scl.,  3d  set.,  vo\.20,\«^>  V'iaa.. 
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Mountain  to  Trout  Creek,  and  are  best  observed  in  Truxton  Canyon, 
through  which  the  Santa  Fe  Railway  descends  from  the  higl^  plateau 
to  the  lowlands  farther  west.  The  Aquarius  Cliffs  extend  from 
Trout  Creek  southward  to  the  Aquarius  Mountains. 

Topographic  features. — ^The  Cottonwood  and  the  Aquarius  cliffs 
are  lower  and  less  precipitous  than  the  Grand  Wash  Cliffs.  Alluvial 
cones  and  slopes  are  developed  to  some  extent  at  the  base  of  the 
Cottonwood  Cliffs  north  of  Truxton  Canyon,  but  from  that  canyon 
southward  to  Signal  the  Big  Sandy  flows  close  to  the  cliffs  and 
prevents  the  formation  of  cones. 

The  continuity  of  the  escarpment  formed  by  these  cliffs  is  inter- 
rupted in  several  places  by  canyons,  chief  among  which  are  Truxton, 
White  CUff,  Trout,  and  Sycamore  creeks.  The  canyons  are  narrow 
and  steep  and  the  streams  torrential  in  character. 

Rock  masses, — The  Cottonwood  Cliffs  are  composed  principally  of 
granite,  2,500  feet  of  which  is  exposed  near  Hackberry.  The  granite 
is  covered  by  a  comparatively  thin  sheet  of  andesite  which  forms  the 
cap  rock  of  the  cliffs  and  thickens  southward,  connecting  with  the 
great  masses  of  igneous  rock  in  the  Aquarius  Mountains. 


'/b  I  mile 


Fig.  1.— Sketch  section  across  White  Cliff  Canyon,  showing  relation  of  the  andesite  of  the  Truxton 
Plateau  to  the  younger  basalt  at  the  foot  of  the  cliff.  1,  Andesite  flow;  2,  granite;  3,  andesite  tuff; 
4,  basalt  flow;  5,  stratified  volcanic  ash. 

In  White  Cliff  Canyon  the  plateau  is  covered  by  andesite  200  feet 
thick,  the  lower  half  consisting  of  tuff  and  the  upper  half  of  a  columnar 
flow.  Near  the  mouth  of  the  canyon  a  younger  mass  of  volcanic 
rock  occurs  in  an  erosion  embayment  about  1,200  feet  lower  than 
the  lava  capping  the  cliffs.  The  younger  mass  is  basalt  and  consists 
of  several  layers  of  ash,  tuff,  and  flowj^    (See  fig.  1.) 

YAMPAI  CLIFFS. 

Location. — A  series  of  irregular  cliffs  extends  from  Music  Mountain 
in  a  general  southeasterly  direction  to  the  southern  end  of  the  Juniper 
Mountains,  where  they  turn  northward,  forming  the  western  bluffs 
of  tlie  Chino  Valley,  which  lies  directly  east  of  the  area  here  described. 
These  are  locally  known  as  the  Yampai  Cliffs. 

To pograpJiic  features. — The  Yampai  Cliffs  resemble  the  Grand  Wash 
Cliffs  in  being  precipitous  and  composed  of  hard  limestone  strata, 
but  differ  from  them  in  being  much  more  irregular  in  outline.  They 
vary  in  altitude  from  about  6,000  to  6,700  feet  and  rise  1,000  or 
more  feet  above  the  Truxton  Plateau.  In  their  sinuous  outUnes, 
large    reentrant    angles,    and   detached   outhnng   portions   Yampai 
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Cliffs  exhibit  the  characteristic  features  of  an  erosion  escarpment, 
the  steep  face  being  maintained  by  the  hard  Redwall  limestone  at 
the  top. 

Rock  masses, — Pre-Cambrian  granite  occurs  in  the  base  of  the 
cliffs.  It  was  observed  by  the  writer  in  four  locaUties — at  Music 
Mountain,  in  Truxton  Canyon,  near  Cross  Mountain,  and  at  the 
southern  end  of  the  Juniper  Mountains.  As  in  the  Grand  Wash 
Cliffs,  it  terminates  above  in  a  base-leveled  plain,  upon  which  the 
Cambrian  sediments  rest. 

The  Cambrian  rocks  described  continue  uninterruptedly  south- 
ward from  the  Grand  Wash  CUffs,  the  basal  sandstone  being  about 
100  feet  and  the  shale  about  225  feet  thick  at  the  southern  end  of  the 
Juniper  Mountains. 

The  Redwall  Umestone  continued  southward  as  the  highest  forma- 
tion of  the  cliffs,  and  on  account  of  its  superior  hardness  maintains 
the  precipitous  face.  It  thins  southward,  probably  owing  to  erosion, 
until  at  the  southern  end  of  the  Juniper  Mountains  it  is  only  450 
feet  thick. 

The  section  near  Nelson,  in  Truxton  Canyon^  yielded  the  fossils 
previously  described,  showing  that  the  Redwall  limestone  is  partly 
of  Mississippian  and  partly  of  Pennsylvanian  age.  Although  exam- 
ined with  considerable  care,  no  fossils  were  found  in  the  limestone 
at  the  southern  end  of  the  Juniper  Mountains. 

TRUXTON    PLATEAU. 

Location, — Lying  between  the  Yampai  Cliffs  on  the  east  and  the 
Cottonwood  and  Aquarius  cliffs  on  the  west,  is  a  comparatively  level 
plain  extending  from  Music  Moimtain  southward  to  the  Aquarius 
Mountains.  The  writer  crossed  it  in  two  places  near  the  northern 
end,  as  shown  by  the  routes  of  travel  delineated  on  PL  I.  In  the 
vicinity  of  Truxton  Canyon  it  is  locally  known  as  the  Truxton  Plateau, 
and  this  name  may  be  used  to  designate  the  entire  area. 

Topographic  features. — The  plateau,  which  lies  about  5,000  feet  above 
sea  level,  consists  of  eroded  granite,  nearly  covered  with  eruptive 
rock,  which  fills  the  depressions,  leaving  the  higher  granite  points 
exposed  above  the  lava.  In  other  words,  the -Truxton  Plateau  is  a 
lava-covered  peneplain  which  has  been  slightly  dissected  by  a  few 
streams  that  have  cut  narrow  canyons.  Back  from  the  edge  of  the 
plateau  these  are  shallow,  but  they  deepen  rapidly  as  they  near  the 
cliffs  to  the  west,  a  fact  indicative  of  comparatively  recent  uplift. 

Rock  masses, — ^The  rocks  of  the  plateau  are  pre-Cambrian  granites 
overlain  by  Tertiary  rhyolite  and  andesite,  together  with  basalt  of 
more  recent  origin.  The  plateau  was  not  visited  south  of  Trout 
Creek,  but,  seen  from  a  distance,  the  igneous  rock  apparently  extends 
continuously  southward  to  the  great  masses  of  rhyolite  and  ande^vt'^b 
of  the  Aquarius  Moimtains. 
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AQUARIUS   MOUNTAINS. 

Location, — ^The  Aquarius  Mountains,  located  in  the  east-central  part 
of  the  region,  form  a  group  of  considerable  size  at  the  southern  end  of 
the  Truxton  Plateau,  and  extend  in  a  southeasteriy  direction  across 
the  course  of  Rio  Santa  Maria  and  Date  Creek. 

Topographic  features. — South  of  the  mouth  of  Deluge  Wash  the 
Aquarius  Cliffs  gradually  lose  their  scarplike  character  and  finally 
merge  into  the  general  westward  slope  of  the  Aquarius  Moimtains. 
These  mountains  were  visited  only  at  their  southern  and  western 
extremities,  but  from  the  west  at  a  distance  they  appear  as  lofty 
mountains,  comparable  in  altitude  with  the  Hualpai  Mountains  to  the 
west,  and  the  Harcuvar  and  Harquahala  mountains  to  the  south. 

The  southern  part  of  the  group  is  carved  into  rugged,  irregular 
hills.  Rio  Santa  Maria  has  eroded  a  narrow  canyon  deep  into  the 
lavas,  and  smaller  streams  have  cut  less  deeply.  Date  Creek  has  cut 
through  the  end  of  the  ridge,  instead  of  following  an  apparently  easy 
course  a  few  miles  farther  south. 

Rocic  masses, — ^The  granite  of  the  Truxton  Plateau  extends  south- 
ward to  the  Aquarius  Mountains,  and  was  examined  in  Signal  Canyon. 
The  southern  part  of  the  group,  however,  is  composed  of  andesites  and 
rhyolites,  presumably  of  Tertiary  age.  South  of  Santa  Maria  Canyon 
the  mountains,  3,000  to  4,000  feet  high,  are  composed  of  effusive  rock, 
which  has  been  dissected  by  erosion  to  a  depth  of  about  3,000  feet. 

Within  valleys  eroded  in  the  Tertiary  lavas  small  sheets  of  basalt 
occur,  in  some  places  capping  gravels  of  probable  Quaternary  age,  as 
in  Signal  Canyon  (PI.  Ill,  A),  and  in  other  places  occurring  within 
these  gravels,  as  in  Santa  Maria  Canyon  near  the  mouth  of  Big 
Sandy  Wash. 

ARTILLERY   MOUNTAINS. 

Location, — ^The  Artillery  Mountains  form  a  small  group  near  the 
head  of  Williams  River.  They  are  separated  from  the  Aquarius 
Mountains  by  Signal  Canyon  only,  and  are  virtually  an  outlying 
group  of  those  mountains. 

Topographic  features. — The  Artillery  Mountains  are  small  and  com- 
paratively low,  the  only  conspicuous  peak  being  a  sharp  pinnacle  of 
igneous  rock,  apparently  a  volcanic  neck,  which,  on  account  of  its 
altitude  and  pointed  summit,  is  visible  and  easily  identifiable  from 
great  distances.  The  rocks  are  deeply  dissected  by  erosion  on  the 
east  and  south  near  Big  Sandy  and  Williams  rivers,  but  to  the  north 
and  west  the  mountain  flanks  are  buried  by  the  detritus  of  the  Big 
Sandy  Valley. 

Rocl:  masses. — The  main  rock  mass  of  the  Artillery  Mountains  is 
coarse-grained  granite,  mineralized  in  places,  although  the  mineral 
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Showing  lava-capped  gravel  and  sand  filling. 
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B.     CHEMEHUEVIS  GRAVEL  NEAR  BULLS  HEAD. 
Overlying  granite  at  left.     Showing  upper  and  lower  divisions  of  gravel. 


U.   S.   GEOLOGICAL  SURVEY 


BULLETIN    NO.   362      PL.    IV 


.4.     RHYOLITIC  ASH  NEAR  KINGMAN. 


//.     DETRITUS  AT  MOUTH  OF  DELUGE  WASH. 


DETAILS  OF   HIGHLANDS.  23 

prospects  have  not  been  extensively  developed  owing  to  the  inaccessi- 
bility of  the  region. 

Overlying  the  granite  south  of  Artillery  Peak  occur  thick  masses 
of  effusive  rock  similar  in  appearance  to  the  older  effusives  of  the 
Aquarius  Mountains  to  the  east,  but  separated  from  them  by  erosion. 
Quaternary  lavas  also  occur  in  small  quantities  included  in  and  over- 
lying the  gravels  in  Signal  and  Williams  canyons. 

WHITE   HILLS. 

Location, — The  White  Hills,  located  in  the  north-central  part  of  the 
region  described,  are  the  southward  continuation  of  the  Virgin  Moun- 
tains of  southeastern  Nevada,  and  are  separated  from  them  by  Virgin 
Canyon. 

Topographic  features, — ^The  White  Hills  consist  of  many  more  or 
less  isolated  peaks  and  groups  of  hills  rising  a  few  himdred  feet  above 
the  plains  on  either  side  of  them,  and  are  inconspicuous  as  compared 
with  neighboring  highlands. 

Rock  masses, — Granite  similar  in  general  appearance  to  that 
beneath  the  Cambrian  formation  of  the  Grand  Wash  Cliffs  occurs  in 
these  hills,  and  is  more  or  less  mineralized,  several  gold  prospects  hav- 
ing been  developed  in  it.  Quartzites  and  argillites,  apparently  of 
pre-Cambrian  age,  occur  in  the  hills  south  of  Virgin  Canyon.  The 
Tertiary  rhyolites  and  andesites  are  found  from  Squaw  Peak  to  the 
southern  end  of  the  White  Hills,  and  occur  as  light-colored  beds  of 
tuff  and  ash  and  as  flow  sheets. 

CERBAT   MOUNTAINS. 

Location, — The  Cerbat  Mountain  range,  about  30  miles  long,  lies 
south  of  the  Wliite  Hills,  between  the  Hualpai  and  the  Detrital- 
Sacramento  valleys. 

Topographic  features, — ^The  mountains  are  high,  attaining  a  maxi- 
mum altitude  of  about  7,000  feet  in  Cherums  Peak,  and  have  been 
deeply  eroded.  At  the  southern  end  of  the  range  they  break  down 
and  merge  into  a  dissected  plateau. 

Roclc  masses. — The  Cerbat  Mountains  are  composed  mainly  of 
granitic  rock  similar  in  o:eneral  appearance  to  the  pre-Cambrian  gran- 
ites of  the  cliffs  region  to  the  east.  These  are  intersected  and  more 
or  less  completely  surrounded  by  effusive  rocks. 

Along  the  western  base  of  the  range  rhyolite  and  andesite  occur  at 
intervals,  but  are  frequently  eroded  away  or  covered  with  wash. 
Near  the  southern  end  of  the  mountains  they  overlie  the  granite  in 
extensive  beds  of  ash,  tuff,  and  flow,  originally  1,000  feet  or  more  in 
thickness.  The  igneous  rocks  are  evidently  due  to  a  long  series  of 
eruptions,  flows,  and  beds  of  tuff  alternating  (see  PI.  TVj  A)j  and  both 
being  cut  by  dikes  and  covered  by  younger  effusives. 
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These  effusives  are  megascopically  and  microscopally  the  same  as 
the  rhyolites  and  younger  andesites  of  Black  Mesa  to  the  west,  and 
form  a  part  of  the  lava  sheet  supposed  to  have  Once  extended  con- 
tinuously across  the  Detrital-Sacramento  Valley.  At  the  northern 
end  of  the  range  sheets  of  olivine  basalt  occur  at  the  crest  of  the  ridge, 
tilted  eastward.  (See  section  Q-Q',  PI.  V.)  In  several  places  along  the 
eastern  base  similar  sheets  occur,  dipping  steeply  to  the  east  and 
passing  beneath  the  detrital  filling  of  the  Hualpai  Valley. 

Structure. — The  eastward  inclination  of  the  lava  sheets  along  the 
eastern  base  of  the  Cerbat  Mountains  suggests  an  eastward  tilting  of 
the  surface  similar  to  that  shown  in  Iceberg  Canyon  to  the  north  and 
in  the  Hualpai  Mountains  to  the  south  (fig.  2). 

HUALPAI  MOUNTAINS. 

Location. — The  Hualpai  Mountains  are  situated  between  the  Sac- 
ramento Valley  on  the  west  and  the  Big  Sandy  Valley  on  the  east,  in 
the  central  part  of  the  area  described. 

Aquarius  Oiffs 


Horizontal  scale  .^.  ..^ -^^.^ 
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Fig.  2.— East-west  section  across  Big  Sandy  Valley,  showing  the  tilted  Hualpai  block  and  the  tmcoB- 
solidatcd  gravel  beds  inclined  toward  the  lace  of  the  Aquarius  Cliffs.  1,  ChemehuevisC?)  gravel; 
2,  granite;  3,  Temple  Bar  (?)  conglomerate;  4,  andesite.^ 

Topograjyhic  features. — The  range  is  about  35  miles  long,  with  a 
general  altitude  of  about  7,000  feet  and  a  maximum  altitude  of  8,266 
feet,  attained  in  Hualpai  Peak.  The  western  slope  is  very  precipitous 
do\\Ti  to  an  altitude  of  about  3,000  feet,  where  it  meets  the  detrital 
plain  of  the  Sacramento  Valley  at  high  angles.  Along  its  base  occur 
small  flat-to.pped  lava-covered  hills,  rising  a  few  hundred  feet  above 
the  surrounding  plain.  These  are  most  numerous  at  the  north,  near 
the  lava  fields  of  the  Kingman  area,  but  extend  southward  nearly  to 
the  southern  end  of  the  range.  Detrital  material  has  accumulated 
in  alluvial  fans  and  slopes  to  some  extent,  but  in  general  the  steep 
mountain  face  meets  the  plain  at  high  angles. 

The  eastern  slope  of  the  mountains  is  not  so  precipitous  as  the 
western.  At  altitudes  of  nearly  6,000  feet  the  crystalline  rocks  begin 
to  (lisap])ear  beneath  a  corrugated  detrital  slope  of  comparatively  low 
gra(li(Mit,  which  extends  eastward  to  Big  Sandy  Wash,  a  distance  of 
10  to  15  miles.  In  this  distance  the  descent  is  about  the  same  as  that 
attained  in  the  western  slope  in  a  much  less  distance.      (See  fig.  2.) 

At  the  southern  end  of  the  range  the  mountains  cease  rather 
abruptly,  giving  place  to  low  isolated  hills  separated  by  broad  passes 
occupied  l)v  the  detrital  accumulation  of  the  plains.  To  the  east  are 
several  comparatively  small  spurs  and  detached  mountain  groups, 
such  as  Owens  Peak,  Peacock  Mountains,  etc. 
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Rock  masses. — The  Hualpai  Mountains,  so  far  as  observed,  are  com-  ' 
posed  mainly  of  coarse-grained  granitic  rock,  becoming  gneissoid  at 
the  southern  end  of  the  range.  They  are  highly  mineralized  in  places, 
and  dikes  and  quartz  veins  are  numerous.  At  Cedar,  near  the  sum- 
mit of  the  range,  mining  operations  have  been  successfully  carried  on 
for  a  number  of  years.  The  lavas  capping  the  foothills  to  the  west 
are  outlying  portions  of  rhyolites  and  andesites  of  the  Kingman  area 
(see  p.  16),  and  the  small  masses  in  the  Peacock  Mountains  are  prob- 
ably parts  of  the  lavas  covering  the  Truxton  Platoau  that  have  been 
let  down  to  their  present  position  by  faulting.  The  detrital  material 
of  the  eastern  slope  is  part  of  the  detrital  accumulation  described 
under  the  caption  ' '  Big  Sandy  Valley. " 

Structure, — The  Hualpai  Range  was  apparently  formed  by  the 
upheaval  and  tilting  eastward  of  a  large  crust  block,  the  movement 
taking  place  along  faults  west  of  the  range  and  at  the  Cottonwood  and 
Aquarius  cliffs.  The  evidence  of  block  tilting  in  addition  to  that 
given  of  faulting  along  the  cliffs  rests  on  the  steep,  scarplike  western 
face  of  the  range,  the  high  angles  at  which  the  mountain  slope  meets 
the  surface  of  the  Sacramento  Valley,  and  the  gently  inclined  ddbris 
slope  of  the  eastern  face. 

AUBREY  HILLS. 

Location. — South  of  the  Hualpai  Mountains  and  lying  between  the 
Sacramento  and  Big  Sandy  valleys  is  a  small  group  known  as  Aubrey 
HUls. 

Topographic  features, — The  Aubrey  Hills  are  low,  rising  but  a  few 
hundred  feet  above  the  plains  on  either  side.  They  are  separated 
from  the  Hualpai  Mountains  by  a  low  d6bris-filled  pass  connecting 
the  Big  Sandy  and  the  Sacramento  valleys,  and  from  the  Buckskin 
Mountains  by  Williams  Canyon. 

RocTc  masses. — The  rock  at  the  northern  end  of  the  hills  is  granitic 
gneiss.  In  Williams  Canyon  occurs  similar  gneiss  overlain  by  quartz- 
ite,  argillite,  and  black  metamorphic  limestone.  From  a  distance 
sheets  of  effusive  rock  were  noted  east  of  the  hills,  and  dark-colored 
lava,  probably  basalt,  was  seen  on  their  western  flanks. 

BLACK  MOUNTAINS. 

Location. — The  Black  Mountains,  located  in  the  extreme  western 
part  of  Arizona,  extend  from  the  northern  border  of  the  Territory 
southward  to  Union  Pass. 

TopograpJiic  features. — The  mountains  are  formed  of  three  more  or 
less  distinct  groups.  The  northernmost  group,  extending  from 
Boulder  Canyon  southward  to  Eldorado  Pass,  a  distance  of  about  15 
miles,  attains  a  maximum  altitude  of  about  5,500  feet  in  Mount  Wil- 
son.    From  this  peak  the  altitude  diminishes  i\ot\\v^^«j^^  Vv^  'dX^vvwNo 


26  BSCONNAISSANCE  OF  PART  OF  WE8TEBK  ABIZOHA. 

3,000  feet  at  Boulder  Canyon,  and  southward  to  about  2,000  feet  at 
Eldorado  Pass. 

Mount  Perkins,  5,500  feet  high,  is  the  center  of  the  second  group, 
which  consists  of  a  north-south  ridge  about  30  miles  long.  The 
third  or  southernmost  group,  about  4,500  feet  in  nfm.Tinni|m  altitude, 
consists  of  many  small  irregular  hills  extending  eastward  for  a  con- 
siderable distance  into  the  Detrital-Sacramento  Valley.  The  three 
groups  form  a  continuous  range,  the  apparent  separation  being  due 
to  accumulation  of,  detritus,  which  fills  the  old  valleys  and  covers  the 
low-lying  passes. 

Rock  masses. — ^The  core  of  the  Black  Mountains  consists  ci  granitic 
rock.  In  Boulder  Canyon  coarse-grained  crystalline  rock  occurs,  as 
described  by  Gilbert,^  overlain  on  either  side  by  gneiss.  In  Pyramid 
Canyon,  farther  to  the  south,  and  in  the  hills  east  of  this  canyon  the 
rock  is  graiiitic  gneiss. 

The  older  crystalline  rocks  of  the  range  are  overlain  by  extensive 
masses  of  effusive  rock  representing  several  periods  of  eruption.  The 
oldest  of  the  effusives,  the  andesite  of  the  Gold  Roads  region^  was  not 
observed  in  Black  and  Boulder  canyons,  but  in  many  places  riiyolites 
and  light-colored  andesite  similar  to  those  overlying  the  dark-colored 
andesite  of  Gold  Roads  (see  p.  27),  rest  upon  the  granites  and 
gneisses.  These  are  especially  prominent  in  Black  Canyon,  where 
they  are  many  hundreds  of  feet  thick.  They  were  observed  near 
the  river  at  the  head  of  the  Cottonwood  Valley  (section  K,  fig.  6),  at 
the  head  of  Pyramid  Canyon,  and  at  many  places  in  the  Black 
Mountains  up  to  an  altitude  of  3,000  feet  or  more. 

The  next  younger  effusive  rocks  of  the  Black  Mountains  are  basalts. 
They  occur  in  dikes  cutting  the  older  rocks  and  in  sheets  overlying 
the  rhyolites  and  younger  andesites.  North  of  Union  Pass  they 
were  outpoured  in  the  Detrital-Sacramento  Valley,  which  had  pre- 
viously been  eroded  through  the  rhyolites  and  younger  andesites. 

BLACK  MESA. 

Location, — Black  Mesa,  about  35  miles  long  and  5  miles  or  more 
in  width,  is  situated  between  the  Colorado  and  the  Sacramento  val- 
leys, in  the  central  western  part  of  the  area  described. 

Ihpographic  features, — The  mesa  is  a  remnant  of  a  once  extensive 
plateau  having  a  general  altitude  of  about  4,000  feet  and  a  maximum 
at  Mount  Nutt  of  about  5,000  feet.  A  large  part  of  the  plateau  has 
been  eroded  away  and  the  remaining  part  deeply  dissected  by  erosion. 
The  bordering  cliflFs,  although  deeply  incised,  form  a  comparatively 
regular  escarpment  at  the  eastern  margin  of  the  mesa,  rising  1,000 
feet  or  more  above  the  floor  of  the  Sacramento  Valley.  The  western 
margin  is  much  more  irregular  owing  to  the  greater  erosion  caused  by 

a  GUbert,  G.  K,.  Final  Kept.  U.  S.  Geol.  Surv.  W.  100th  Mer.,  vol.  3. 1875,  pt.  2,  p.  35. 
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the  downcutting  of  Colorado  River.  On  this  side  are  many  more  or 
less  isolated  outlying  remnants  of  erosion,  well  shown  on  The  Needles 
special  map  of  the  United  States  Geological  Survey,  which  includes 
a  small  part  of  the  southern  end  of  Black  Mesa  (there  called  Ute 
Mountains).  The  most  conspicuous  of  these  outlying  masses  is 
Boundary  Cone,  3,429  feet  high — a  sharp  pinnacle  rising  2,500  feet 
above  the  graded  detrital  slope  which  stretches  from  its  base  west- 
ward to  Colorado  River. 

The  rock  of  Black  Mesa  varies  greatly  in  hardness,  and  erosion  has 
carved  out  a  great  variety  of  topographic  forms.  In  places  where 
the  mesa  is  composed  of  moderately  uniform  layers  it  is  bordered  by 
prominent  cliffs  of  regular  outline  1,000  feet  or  more  in  height. 
Where  the  rock  varies  in  hardness  within  short  distances,  as  at 
Union  Pass,  it  is  eroded  into  a  great  variety  of  castellated  forms. 
(See  PL  \^,  A,) 

Rock  mdsses. — The  granite  forming  the  core  of  the  Black  Moun- 
tains extends  southward  underneath  Black  Mesa,  but  it  is  exposed  in 
few  places,  the  mesa  to  a  depth  of  2,000  to  3,000  feet  being  composed 
mainly  of  eflFusive  rocks.  Granite  porphyry  was  found  at  the  base 
of  Boundary  Cone  at  the  western  edge  of  the  mesa,  and  dark-colored 
andesite  at  the  base  of  the  cUffs  at  the  northeastern  extremity;  the 
latter  is  best  exposed  in  the  vicinity  of  Gold  Roads  mining  camp. 
The  andesite  rests  upon  the  granite  and  is  apparently  overlain  by 
rhyoUte.  Wherever  observed,  however.  Black  Mesa  is  composed 
mainly  of  rhyoUtic  tuff,  breccia,  and  flow.  The  rhyoUte  is  in  turn 
cut  by  dikes  of  olivine  diabase  and  overlain  to  some  extent  by  sheets 
of  basalt. 

The  granite  underlying  the  rhyoUte  is  penetrated  by  the  well  at 
Yucca  and  exposed  at  the  base  of  the  hills  extending  eastward  into 
the  Detrital-Sacramento  Valley  at  the  northern  end  of  Black  Mesa. 
The  thickness  of  the  effusive  rock  as  determined  at  these  points  is 
about  3,000  feet. 

MOHAVE  MOUNTAINS. 

Location, — The  Mohave  Mountains  are  located  south  of  Black 
Mesa,  between  the  Colorado  and  the  Sacramento  valleys.  They  con- 
sist of  a  massive  central  group,  with  a  spur,  known  as  The  Needles, 
extending  westward  to  Colorado  River,  and  low  unnamed  hills 
extending  southward  to  Williams  River. 

Topographic  features. — The  central  group  is  subcircular  in  outline 
and  about  5,000  feet  high.  It  is  deeply  scored  by  erosion,  and  is 
apparently  the  remnant  of  a  once  much  more  extensive  mountain 
mass. 

The  Needles  are  irregular  pinnacles  resulting  from  the  erosion  of 
the  mass  of  effusive  rock  which  formerly  extended  across  Coloxr^^Vs:^ 
River  and  was  later  dissected  by  that  nver  m  e,w\,\ATi.%  ^"^  Y^^^'e^K!^- 
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canyon.  The  unnamed  hills  north  and  south  of  the  Central  mass  are 
remnants  of  erosion,  now  separated  from  the  main  peak  by  debris- 
covered  passes. 

Rock  masses. — With  the  exception  of  The  Needles,  the  rocks  of  the 
Mohave  Mountains,  so  far  as  observed,  are  granite,  gneiss,  and  later 
intrusive^.  The  crystallines  have  been  greatly  fractured  and  faulted 
and  contain  many  dikes  and  veins.  The  extrusive  rock  of  The  Nee- 
dles overlies  the  crystalline  complex  on  the  eroded  flanks  of  the 
Mohave  Mountains,  and  is  exposed  in  the  canyon  down  to  the  river 
level.  The  thickness  of  the  eflFusive  rock  as  measured  from  the  river 
bed  to  the  summits  of  The  Needles  is  about  2,000  feet. 

HARCUVAR  AND  HARQUAHALA  MOUNTAINS. 

Location, — The  Harcuvar  and  Harquahala  mountains  are  located 
in  the  southern  part  of  the  area  described,  and  extend  from  the 
eastern  border  of  this  area  about  50  miles  in  a  general  southwesterly 
direction.  They  resemble  each  other  in  many  ways  and  may  be 
described  together. 

Topographic  features. — The  axes  of  these  mountains  he  in  a  direc- 
tion practically  at  right  angles  to  those  of  the  other  ranges  of  the 
region.  Next  to  the  Ilualpai  Mountains  they  are  the  loftiest  in  cen- 
tral western  Arizona. 

Both  ranges  are  narrow,  with  precipitous  slopes  rising  abruptly 
to  altitudes  of  several  thousand  feet  above  the  graded  plain  which 
surrounds  them.  The  main  range  of  the  Harcuvar  Mountains  is 
broken  at  Cunningham  Pass,  and  at  either  end  the  ranges  break  up 
into  isolated  hills.  At  the  west  end  of  these  mountains  a  group 
known  as  the  Granite  Wash  Hills  exhibits  a  tendency  to  return  to 
the  north-south  trend  characteristic  of  the  other  ranges  of  western 
Arizona. 

Rock  masses. — The  rocks  were  observed  only  in  Cunningham  Pass 
in  the  Harcuvar  Mountains  and  near  Harrisburg  in  the  Harquahala 
Mountains,  where  they  consist  of  a  crystalline  complex  underlying 
and  to  some  extent  including  masses  of  quartzite,  argilUte,  and  meta- 
nu)r])hic  limestone.  A  few  miles  south  of  Harrisburg,  where  these 
sediments  were  examined  most  closely,  the  strata  stand  nearly 
vertical. 

BUCKSKIN  MOUNTAINS. 

Location. — The  Buckskin  ^fountains,  lying  immediately  south  of 
Williams  River,  are  virtually  the  southward  cojitijiuation  of  the 
Aubrey  Hills,  being  separated  from  them  only  by  the  narrow  gorge 
cut  ])y  Williams  River. 

To pofjrapliic  features. — The  Buckskin  Mountains  are  lofty  at  their 
eastern  extremity,  with  a  precipitous  slope  facing  southward.     The 
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group  is  greatly  eroded,  the  peaks  being  separated  by  comparatively 
low  passes.  The  western  part  is  composed  of  irregular  hills  formed 
by  the  dissection  of  a  plateau  of  igneous  rock,  the  general  surface  of 
which  has  an  altitude  of  about  2,400  feet.  The  topographic  features 
of  the  basalt-covered  plateau  near  the  mouth  of  Williams  River  are 
especially  conspicuous  (PL  VI,  B),  The  basalt  of  the  surface  is  very 
resistant,  and  the  underlying  sand  and  gravel  (see  p.  54)  is  easily 
eroded,  resulting  in  the  formation  of  precipitous  chffs  nearly  2,000 
feet  high. 

Eock  masses, — The  rocks  of  the  Buckskin  Mountains  consist  of 
biotite  granite,  granitic  gneiss  and  schist,  metamorpliic  sedimenTs,  and 
effusive  rocks.  The  gneisses  and  schists  are  conspicuously  exposed 
in  Williams  Canyon,  where  they  are  horizontally  laminated  and 
fissile,  suggesting  the  name  Banded  Canyon,  by  which  Williams 
Canyon  is  locally  known. 

The  crystalUne  rocks  are  overlain  by  quartzites,  slates,  and  black 
metamorphic  Umestones.  These  are  faulted  and  intersected  by 
intrusive  rocks,  and  contain  deposits  of  copper  and  iron  ore.  A  bed 
of  hematite  about  150  feet  thick  was  observed  near  Planet. 

PALOMAS  AND  DOME  ROCK  RANGES. 

Location. — ^The  Palomas  and  Dome  Rock  Mountains,  in  the  south- 
western part  of  the  region,  were  not  visited  by  the  writer.  Their 
form  and  location  are  taken  from  the  railway-location  map  made  by 
the  Santa  Fe  engineers  in  locating  the  Arizona  and  California  Rail- 
road, furnished  for  this  bulletin  by  the  eliief  engineer,  W.  A.  Drake. 
Little  is  definitely  known  of  their  topographic  features  or  rock  masses. 

GEOGRAPHIC    AND    GEOLOGIC    DETAILS    OF    VALLEYS. 

COLORADO  VALLEY. 
GEXERAL   STATEMENT. 

Colorado  River  was  traversed  by  boat  from  the  mouth  of  Grand 
Canyon  southward  to  Yuma,  a  distance'  of  about  325  miles.  Through- 
out this  course  the  rocks  in  which  the  valley  is  eroded  are  well  ex- 
posed and  geologic  features  of  great  variety  are  well  exhibited.  For 
convenience  of  description  the  valley  is  divided  into  sections,  the 
important  features  being  taken  up  in  order  from  the  mouth  of  the 
Grand  Canyon  downstream.  Several  diagrammatic  sections  across 
the  valley  are  included  with  the  descriptions  in  order  to  illustrate 
relations  not  adequately  shown  in  the  more  generalized  sections  on 
P1.V. 

In  the  published  accounts  of  Major  PowelFs  explorations  of  the 
Colorado  little  is  said  of  the  river  west  of  tlie  mouth  of  Grand  Canyon. 
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The  current  is  swift  as  far  south  as  the  mouth  of  Black  Canyon,  the 
fall  being  about  400  feet,  or  about  5  feet  to  the  mile.  Tliere  are 
several  rapids  of  considerable  size,  formed  by  bowlders  washed  into 
the  river  from  tributary  canyons.  The  largest  of  these  are:  (a) 
Near  Pierce  Ferry  in  the  Grand  Wash  Trough,  caused  by  bowlders 
from  the  Greggs  breccia  entering  from  the  south;  (b)  at  the  mouth 
of  Grand  Wash,  caused  by  bowlders  from  this  wash;  (c)  3  miles  east 
of  the  Nevada-Arizona  boundary,  caused  by  bowlders  from  a  small 
wash  entering  from  the  north;  (d)  Red  Granite  Rapids^  3  miles  west 
of  the  Nevada-Arizona  boundary,  at  which  point  there  is  a  long 
bowlder  strainer^  on  the  Arizona  side  which  deflects  the  river  sharply 
against  the  red  granite  on  the  Nevada  side;  (e)  Hualpai  Rapids, 
formed  by  the  bowlders  from  Hualpai  Wash;  (f)  Reverse  Rapidsi,  in 
Boulder  Canyon;   (g)  Roaring  Rapids,  in  Black  Canyon. 

MOUTH  OF  GRAND  CANYON. 

Colorado  River  emerges  from  the  Plateau  region  about  7  miles 
east  of  the  Nevada-Arizona  boundary.  The  Grand  Wash  diSs,  which 
form  the  western  border  of  the  plateau,  rise  to  an  altitude  of  about 
4,500  feet,  or  3,500  feet  above  the  river.  A  few  miles  north  of  the  rim 
of  the  canyon  Shiwitz  Plateau  rises  to  an  altitude  of  about  6,300  feet. 

Grand  Canyon  is  very  narrow  at  its  mouth  (PI.  VII,  J5),  and  nearly 
perpendicular  walls  of  Redwall  limestone,  sandstone  and  shale  of  the 
Tonto  formation,  and  granite  (see  pp.  14-15)  rise  from  the  water's 
edge  on  either  side.  Springs  emerge  from  these  formations  in  many 
places  and  deposit  carbonate  of  lime.  The  lower  portion  of  the  can- 
yon walls  is  covered  in  many  places  with  calcareous  tufa  and  pendants 
of  travertine.  In  some  places  the  travertine  projects  irregularly, 
inclosing  picturesque  cavem-like  chambers;  in  other  places  it  forms 
basins  built  out  into  the  river. 

Massive  beds  of  travertine  were  observed  on  both  sides  of  the 
canyon  at  an  elevation  of  500  feet  or  more  above  the  river.  These 
may  have  been  built  out  from  the  canyon  sides  by  springs  and  later 
partly  eroded  away,  but  their  horizontal  bedding  and  location  on 
opposite  sides  of  the  canyon  at  about  the  same  altitude  (see  section 
Ay  fig.  3)  indicate  that  they  are  probably  remnants  of  a  mass  which 
formerly  filled  the  canyon  to  a  depth  of  several  hundred  feet.  They 
are  probably  part  of  an  extensive  travertine  formation  having  its 
greatest  development  near  Hualpai  Wash. 

GRAND    WASH   TROUGH. 

The  Grand  Wash  Trough,  lying  between  the  Grand  Wash  Cliffs  and 
Iceberg  Canyon,  is  a  depression  formed  by  faulting  and  by  the  tilting 

a  "Strainer"  is  a  term  used  locally  to  designate  an  accumulation  of  bowlders  forming  a  porous  dam 
in  the  river,  through  which  the  water  finds  its  way  as  through  a  strainer. 
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of  a  large  crust  block.  It  derives  its  name  from  Grand  Wash,  which 
here  enters  the  Colorado  from  the  north.  Its  western  limb  consists  of 
strata  of  the  tilted  block,  and  its  eastern  limb  is  the  fault  scarp  of  the 
Grand  Wash  CliflFs. 

Not  only  are  all  the  rock  formations  composing  the  Grand  Wash 
Cliffs  found  in  the  tilted  block  in  Iceberg  Canyon,  but  strata  younger 
than  those  in  the  cliffs  are  also  present  and  pass  beneath  the  river 
level  with  an  eastward  dip  of  60°  to  80°.  Making  no  allowance  for 
dip  and  considering  only  the  altitude  of  corresponding  strata  in  the 
walls  of  Grand  Canyon  and  in  Iceberg  Canyon,  the  downthrow  at  the 
Grand  Wash  fault  is 
about  5,000  feet.  The 
strata  of  the  block 
pass  beneath  the  river 
level  several  miles 
west  of  the  fault  line. 
If  the  downthrow  be 
computed  from  the 
dip  of  the  strata  and 
the  distance  from  the 
fault  line  at  which 
they  pass  beneath  the 
river,  the  displace- 
ment at  Grand  Wash 
fault  appears  to  be 
several  times  greater 
than  the  5,000  feet  in 
evidence  at  the  sur- 
face. 

The  magnitude  of 
the  Grand  Wash  fault 
has  long  been  recognized.  Gilbert  ^  states  that  the  most  profound 
dislocation  of  the  plateau  region  has  occurred  at  this  fault,  and  But- 
ton,* in  describing  it,  writes  that  'Hhe  plateau  had  its  origin  in  a 
great  fault  along  the  crest  of  which  the  country  east  of  it  has  been 
hoisted  several  thousand  feet  above  the  country  on  the  west/^  Again 
he  writes  '^It  [the  Grand  Wash  Cliffs]  is  a  feature  of  the  highest 
importance,  since  it  is  the  boundary  not  only  of  the  Grand  Canyon 
district,  but  of  the  Plateau  province  itself.  It  drops  the  country  on 
the  west  about  6,000  feet  at  a  maximum/^  Huntington  and  Gold- 
thwaite^  have  recently  shown  that  the  fault  is  traceable  northward  to 

o  Gilbert,  G.  K.,  Final  Repts.  U.  S.  Geog.  Survey  W.  100th  Mer.,  1873,  pt.  1,  p.  54. 

fc Button,  C.  E.,  Tertiary  history  of  the  Grand  Canyon  district:  Mon.  U.  S.  Geol.  Survey,  vol.  2,  1882, 
pp.  12, 19. 

c  Huntington,  Ellsworth,  and  Goldthwaite,  J.  W.,  The  Hurricane  fault  in  the  Toquervllle  district, 
Utah:  Bull.  Mus.  Comp.  Zool.  Harvard  Coll.,  vol.  42, 1904. 


Fig.  3.— Diagrammatic  sections  across  Colorado  River.  A ,  At 
mouth  of  Grand  Canyon;  B,  in  Iceberg  Canyon.  1,  Cambrian; 
2,  Redwall  limestone;  3,  travertine;  4,  granite;  5,  Greggs  breccia. 
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the  vicinity  of  Toquerville,  Utah,  a  distance  of  abbut  80  miles,  where 
it  joins  the  Hurricane  fault.  The  present  writer  traced  it  southward 
into  the  Hualpai  Valley,  where  it  apparently  forks,  the  western  branch 
reappearing  west  of  the  Hualpai  Mountains  and  the  eastern  one 
following  the  cliffs. 

The  Grand  Wash  Trough  is  filled  with  Greggs  breccia  to  an  alti- 
tude of  about  2,500  feet,  or  1,500  feet  above  the  river.  Where  the 
breccia  was  examined  most  carefully,  in  the  bluffs  south  of  the  river 
about  4  miles  east  of  Greggs  Ferry,  it  was  found  to  be  composed  of 
unassorted  and  poorly  stratified  d6bris  consisting  of  angular  rock 
fragments,  principally  granite,  the  largest  having  a  diameter  of  10 
feet  or  more.  Toward  the  top  the  fragments  were  cemented  by 
carbonate  of  lime  into  a  very  resistant  mass,  forming  the  cap  rock  of 
certain  conspicuous  cliffs  east  of  Greggs  Ferry.  The  upper  100  feet 
or  more  of  this  capping  stratum  is  travertine  and  is  nearly  devoid  of 
rock  fragments.  Farther  south  the  surface  consists  of  the  truncated 
edges  of  the  upturned  limestone  block.     (See  section  P-P',  PL  V.) 

The  breccia  of  the  Grand  Wash  Trough  has  been  much  more  eroded 
north  of  the  river  than  south  of  it.  The  breccia  was  not  examined 
far  from  the  river,  but,  judging  from  the  size  and  character  of  the 
bowlders  brought  down  by  the  washes,  it  is  probable  that  the  material 
in  the  midst  of  the  trough  does  not  differ  greatly  from  that  described 
from  the  cliffs  at  its  western  edge  near  Greggs  Ferry. 

The  Temple  Bar  conglomerate  also  occurs  in  the  Grand  Wash 
Trough,  appearing  in  many  places  at  altitudes  several  hundred  feet 
higher  than  the  river,  in  depressions  previously  eroded  in  the  older 
rocks.  It  is  composed  of  sand  and  waterwom  pebbles  of  quartzite, 
limestone,  marble,  etc.,  not  distinguishable  at  the  present  time  from 
the  gravels  derived  from  Grand  Canyon.  These  are  in  places  ce- 
mented by  carbonate  of  lime  into  very  resistant  masses,  forming 
nearly  perpendicular  cliffs  500  feet  high.  The  travertine  deposits 
just  described  within  the  canyon  were  probably  formed  at  the  same 
time. 

The  Temple  Bar  conglomerate  of  the  Grand  Wash  Trough  contains 
a  thick  sheet  of  basalt.  The  lava  appears  in  the  face  of  a  cliff  in 
Iceberg  Canyon  in  the  midst  of  the  conglomerate,  and  in  the  Grand 
Wash  Trough  as  a  columnar  sheet  overlying  the  conglomerate.  The 
relation  of  the  Temple  Bar  conglomerate  to  the  underlying  sedi- 
mentary formations  of  the  tilted  block  and  to  the  overlying  sheet 
of  basalt  is  shown  in  PI.  VII,  A. 

The  Greggs  breccia,  where  exposed  near  the  river  within  the 
Grand  Wash  Trough,  is  roughly  stratified,  and  the  strata  are  tilted 
eastward,  the  maximum  dip  observed  being  about  30°.  The  Temple 
Bar  conglomerate  is  also  locally  disturbed,  dips  of  10°  east\vard  being 
observed  in  places.     At  the  base  of  the  Grand  Wash  Cliffs  the  detrital 
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material  ends  abruptly  against  the  sedimentaries  at  the  fault  line, 
and  is  locally  disturbed  by  movements  apparently  of  recent  date. 

The  somewhat  complicated  relations  in  the  Grand  Wash  Trough 
may  perhaps  be  made  clearer  by  a  brief  statement  of  the  events  in 
the  order  of  their  occurrence.  The  formation  of  the  Grand  Wash 
fault  and  the  tilting  of  the  crust  block  were  followed  by  a  long  period 
of  erosion  and  deposition,  which  filled  the  trough  with  debris  and 
planed  off  the  upturned  edge  of  the  block,  bringing  the  surface  to  a 
graded  condition.  The  Colorado  Plateau  to  the  east  was  apparently 
at  the  level  of  this  graded  plain.  Then  followed  a  second  period  of 
faulting,  in  which  great  displacements  occurred  at  the  Grand  Wash 
fault  and  minor  displacements  at  several  smaller  faults  to  the  west, 
accompanied  by  further  tilting  of  the  crust  block  and  the  elevation 
of  the  Colorado  Plateau.  This  uplift  of  the  plateau  resulted  in  the 
inauguration  of  Grand  Canyon,  the  river  cutting  directly  across  the 
Grand  Wash  Trough.  The  erosion  proceeded  until  the  canyon  was 
cut  to  a  depth  practically  the  same  as  that  it  has  at  the  present  time. 
This  was  followed  by  deposition  of  gravels  and  of  the  Temple  Bar 
conglomerate,  and  by  eruptions  of  basalt,  after  which  occurred  re- 
newed faulting  and  tilting  of  the  limestone  block,  the  Greggs  breccia, 
and  the  Temple  Bar  conglomerate.  Erosion  again  became  active, 
and  a  second  time  the  canyon  was  eroded  to  a  depth  greater  than  that 
it  now  has. 

Later  events,  which  are  important  farther  downstream,  are  not 
conspicuously  recorded  in  the  Grand  Wash  Trough. 

nUALPAI    WASH. 

Hualpai  Wash  enters  Colorado  River  from  the  south  and  occupies 
a  structural  depression  between  the  western  edge  of  the  limestone 
block  on  the  east  and  the  crystalline  rocks  of  the  White  Hills  on  the 
west.  This  trough  extends  northward  across  the  river  and  is  there 
filled  with  gravel  deposits,  but  their  relation  to  other  formations 
was  not  determined. 

In  Hualpai  Wash  a  limestone  several  hundred  feet  thick  occurs. 
In  some  places  it  is  a  massive,  pink,  compact  rock  resembling  the 
Redwall  limestone  of  the  canyon  section.  Unlike  that  limestone, 
however,  its  character  varies  within  short  distances  from  a  compact 
rock  to  a  comparatively  soft  earthy  substance,  weathering  with 
rough  cavernous  surface.  In  Hualpai  Wash  it  rests  directly  upon 
an  irregular  surface  of  granite.  In  other  places  it  abuts  rather 
abruptly  against  previously  existing  granite  cliffs,  and  contams  frag- 
ments of  the  granite  embedded  within  it.  In  still  other  places  it 
apparently  rests  upon  beds  of  sand  and  clay,  although  this  observa- 
tion was  not  satisfactory. 
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The  material  is  similar  in  character  to  the  travertine  capping 
Greggs  breccia  (section  Cj  %.  4),  and  to  that  occurring  in  beds  500 
feet  or  more  in  thickness  in  the  mouth  of  Qrand  Canyon  (section  A^ 
fig.  3).  It  is  apparently  a  travertine  deposit  belonging  either  to  the 
Greggs  deposits,  let  down  to  its  present  position  by  faidting  (section 
Dj  fig.  4)  or  to  the  Temple  Bar  deposits,  both  of  which  are  known  to 
contain  large  beds  of  travertine.     Its  relation  to  the  sedimentaiy 

rocks    and    to    the 

underlying'  granite 
of  the  tilted  block 
to  the  east  is  shown 
in  the  sketch  sec- 
tions in  fig.  4. 

Within  the  can- 
yon,  resting  unoonr 
formably  upon  Tem- 
ple Bar  conglomer- 
ate and  the  older 
formations  at  varir 
ous  points  on  either 
side  up  to  an  alti- 
tude of  150  to  200 
feet  above  the  water 
level,  occur  uncon- 
solidated gravels. 
They  are  not  con- 
spicuous east  of  Ice- 
berg Canyon,  al- 
though some  gravel 
beds  in  the  Grand  Wash  Trough  above  high-water  level  may  have 
been  formed  at  the  same  time.  Farther  downstream  they  are  con- 
spicuously developed  and  are  there  known  as  the  Chemehuevis  grayel. 


FiQ.  4.— Diagrammatic  sections  across  Colorado  Kiver.  C,  4  miles 
east  of  Greggs  Ferry;  D,  near  Ilualpai  Wash;  E,  in  Virgin  Canyon. 
1,  Basalt;  2,  Temple  Bar  conglomerate;  3,  Oreggsbreoda;  4,  Redwall 
limestone;  5,  Cambrian;  6,  granite;  7,  travertine. 


VIRGIN   CANYON. 


At  the  mouth  of  Hualpai  Wash  Colorado  River  enters  a  narrow 
rock  gorge  cut  in  the  crystalline  rocks  of  the  Virgin  Range.  The 
canyon  is  about  5  miles  long  and  from  1,000  to  1,500  feet  deep,  with 
walls  rising  steeply  from  the  water's  edge  on  either  side. 

High  in  the  sides  of  the  canyon  walls  occur  remnants  of  light- 
colored,  horizontally  bedded  material.  (See  section  E,  fig.  4.)  These 
were  not  examined  closely,  but  from  a  distance  they  have  the  same 
general  appearance  as  the  Temple  Bar  conglomerate  characteristically 
developed  at  the  same  altitude  a  few  miles  farther  west. 
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TEMPLE    BAR. 

Virgin  Canyon  widens  westward  as  the  river  emerges  from  the 
crystalline  rocks  and  enters  the  detrital  beds.  At  Temple  Bar  the 
sand  and  gravel  filling  the  Detrital  Valley  is  exposed  in  vertical  cliffs 
several  hundred  feet  high.  At  the  base  of  the  cliffs  is  a  coarse  breccia 
exposed  through  a  thickness  of  about  300  feet  and  composed  princi- 
pally of  fragments  of  a  rhyolite  flow  breccia  cemented  into  a  resistant 
mass.  The  cementing  material  is  mainly  carbonate  of  lime,  but  in 
some  places  it  is  silica  and  in  other  places  oxide  of  iron.  Springs 
i9suing  from  this 
breccia  are  strongly 
charged  with  com- 
mon salt  and  alkali, 
which  gather  as 
white  incrustations 
about  the  springs. 

Resting  uncon- 
formably  upon  this 
breccia  and  abut- 
ting against  it,  as 
iUustrated  in  sec- 
tion F,  fig.  5,  occurs 
the  characteristic 
Temple  Bar  con- 
glomerate. The 
conglomerate  con 
sists  of  well-strat 
fied  sand  and  gravel 
(see  PI.  VIII,  A), 
and,  although 
poorly  consolidated, 
forms  perpendicu- 
lar cUffs  hundreds  of  feet  in  height.  PI.  II  shows  this  conglomerate 
in  one  of  its  most  characteristic  exposures,  where  the  cliffs  rise 
abruptly  from  the  water^s  edge  to  a  height  of  815  feet.  A  large 
number  of  equally  conspicuous  sand  and  gravel  cliffs  and  monuments 
occur  in  the  vicinity  of  Temple  Bar,  extending  from  the  river  level  to 
altitudes  of  2,000  to  2,500  feet. 

Sheets  of  basalt  occur  at  several  horizons  of  the  conglomerate.  A 
shelf  about  200  feet  from  the  base  (see  PI.  II)  is  formed  by  one  of 
these  sheets  of  basalt,  and  other  sheets  occur  at  higher  horizons 
(section  F,  fig.  5).  South  of  the  river  a  basalt  sheet  resting  on  top 
of  the  gravel  beds  may  be  younger  than  those  included  in  them,  or 
may  be  one  of  the  included  slieets  exposed  l)y  erosion. 


Fig.  5.— Diagrammatic  sections  across  Colorado  River.  F,  At  Temple 
Bar;  G,  at  Virgin  River;  U,  in  Boulder  Canyon.  1,  Temple  Bar 
conglomerate;  2,  basalt;  3,  Greggs  breccia;  4,  granite;  5,  salt  and 
gjT)8um  beds. 
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The  composition,  stratigraphic  relations,  and  general  appearance 
of  the  older  or  cemented  breccia  suggest  that  it  is  probably  a  time 
equivalent  of  the  Greggs  breccia.  The  gravels  above  it  form  the 
Temple  Bar  conglomerate,  which  derives  its  name  from  this  locality. 
The  younger  or  Chemehuevis  gravel  is  also  present  at  Temple  Bar, 
but  is  not  conspicuous. 

VIRGIN   VALLEY. 

Between  Temple  Bar  and  Boulder  Canyon,  a  distance  of  about  12 
miles,  Colorado  River  crosses  the  old  d6bris-filled  valley  which  to  the 
south  of  the  Colorado  is  known  as  the  Detrital-Sacramento  Valley 
and  to  the  north  as  the  valley  of  the  Virgin. 

The  filling  of  this  old  valley  is  apparently  composed  of  two  distinct 
formations,  but  their  relation  was  not  satisfactorily  determined. 
The  older  one  consists  of  alternating  layers  of  sand  and  clay,  and 
contains  extensive  beds  of  gypsum.  Rock  salt  occurs  in  the  Virgin 
Valley  a  few  miles  north  of  the  Colorado,  in  beds  similar  to  those 
containing  the  gypsum.  These  salt  beds  apparently  lie  beneath  the 
gypsum,  as  shown  by  the  salt  well  near  the  mouth  of  Virgin  River, 
described  by  Gilbert."  The  salt  well  is  a  crater-like  depression 
about  300  feet  across  and  65  feet  deep,  situated  in  the  midst  of  a 
level  gravel  plain.  It  is  not  connected  with  any  surface  drainage, 
and  is  evidently  formed  by  a  local  caving  of  the  surface  probably  due 
to  the  removal  by  solution  of  underlying  beds  of  salt.  It  is  filled 
with  salt  water  to  a  depth  of  15  to  20  feet. 

The  gypsum  and  gypsiferous  clays  are  conspicuously  exposed 
along  the  river,  where  they  are  deeply  dissected  over  a  large  area 
locally  known  as  the  badlands  of  the  Virgin.  The  presence  of  gyp- 
sum and  salt  indicates  that  this  formation  is  not  a  part  of  the  Temple 
Bar  conglomerate,  which  overlies  it  with  apparent  unconformity 
(section  G,  fig.  5)  and  which  does  not  contain  gypsum  or  salt  in  its 
typical  exposures  so  far  as  observed.  The  relation  of  the  gypsiferous 
shales  to  the  underlying  rocks  and  to  the  overlying  conglomerates 
was  not  satisfactorily  determined.  The  stratigraphic  position,  how- 
ever, suggests  that  this  formation  may  be  a  time  equivalent  of  the 
Greggs  breccia. 

BOULDER    CANYON. 

Boulder  Canyon  is  a  sharp  gorge  cut  by  Colorado  River  through 
the  Black  Mountain  Range.  It  is  about  5  miles  long  and  2,000  feet 
or  more  in  depth,  the  walls  rising  steeply  from  the  water's  edge. 
The  rocks  exposed  in  the  canyon  arc  syenite,  gneiss,  rhyolite,  and 
basalt.  The  basalts  and  their  associated  gravel  deposits  near  the 
entrance  to  the  canyon  are  faulted  and  tilted  to  some  extent,  and 
faults  and  open  fissures  occur  m  the  canyon  walls. 

"Gilbert,  0.  K.,  Firml  Kopt.  U.  S.  Geol.  Survey  \V.  100th  Mer.,  vol.  3,  iss?'),  pt.  1,  pp.  l(W-lio. 
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Boulder  Canyon  is  apparently  younger  than  Virgin  Canyon.  The 
walls  are  but  slightly  eroded  by  lateral  washes,  although  the  open 
fissures  and  shattered  condition  of  the  rock  in  many  places  are 
favorable  to  the  development  of  such ;  noije  were  observed  containing 
beds  of  the  Temple  Bar  conglomerate,  as  is  the  case  in  Virgin  Canyon. 


LAS   VEGAS    WASH. 

West  of  Boulder  Canyon,  and  extending  southward  to  the  head 
of  Black  Canyon,  the  river  flows  through  a  debris-filled  basin  in 
which  Colville  and 
Las  Vegas  washes 
join  the  river  from 
the  north  and  west. 
Detrital  beds  re- 
sembling the  Tem- 
ple Bar  conglomer- 
ate and  containing 
sheets  of  lava  are 
capped  by  a  thick 
lava  sheet  in  Forti- 
fication Hill  at  an 
altitude. of  3,500 
feet,  or  nearly  2,500 
feet  above  the  river 
(section  /,  fig.  6). 
The  gravels  are  well 
stratified  and  are 
faulted  and  tilted 
in  places. 

BLACK  CANTON. 


Fig.  6.— Dlagrammattc  sections  across  Colorado  River.  /,  Near  Las 
Vegas  Wash;  J,  in  IMack  Canyon;  A',  at  Little  Round  Island.  1,  Ba- 
salt; 2,  Chemehucvis  gravel;  3,  Temple  liar  conglomerate;  4.  granite; 
5,  andcsite  and  rhyolite. 


A  few  miles  south 
of  Fortification  Hill 
the  river  leaves  the  detrital  basin  and  enters  Black  Canyon,  a  (ioep, 
narrow  rock  gorge  about  18  miles  long.  The  walls  rise  steeply  from 
the  water's  edge  (see  PI.  VIII,  /?),  and  are  composed  to  some  extent 
of  coarse  crystalline  rock,  but  mainly  of  massive  rhyolite  (section  J, 
fig.  6).  Black  Canyon  is  very  similar  to  Boulder  Canyon  in  its 
general  youthful  appearance  and  in  the  absence  of  notable  tribu- 
tary washes  and  remnants  of  gravel  beds. 

COTTONWOOD   VALLEY. 

A  few  miles  north  of  Eldorado  Feny^  the  river  emerges  abruptly 
from  Black  Canyon  into  a  broad  open  basin,  the  central  part  of 
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whicli  is  known  as  the  Cottonwood  Valley.  The  basin  is  about  30 
miles  long  and  extends  laterally  from  the  Dead  Mountains  on  the 
west  to  the  Black  Mountain  Range  on  the  east.     At  the  northern 


Fk;.  7.— Map  of  a  part  of  tho  Colorado  Valley  at  the  northern  end  of  the  Cottonwood  Valley,  show- 
ing an  old  gravel-filled  channel  at  the  right  and  the  rock  channel  of  tlie  river  at  the  left. 


end  of  the  basin  gypsum-bearing  beds  simihir  to  tlioso  near  the 
mouth  of  the  Virgin  occur  with  an  observed  tliickness  of  several 
hundred  feet. 
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Near  Round  Island  partly  consolidated  gravel  beds  similar  in 
general  appearance  to  the  Temple  Bar  conglomerate  and  intersected 
by  basalt  dikes  (see  section  -fiC,  fig.  6)  occur  above  andesitic  lavas. 
The  gravels  are  well  stratified,  tilted  steeply  to  the  east,  and  exten- 
sively eroded.  Horizontally  bedded  Chemehuevis  gravel  lies  in 
depressions  eroded  in  older  upturned  beds  which  in  turn  are  younger 
than  the  andesites.  For  these  reasons  the  older  gravels  are  pro- 
visionally correlated  with  the  Temple  Bar  conglomerate. 

The  Cottonwood  Valley  is  the  northernmost  of  a  series  of  large 
basins  which  extend  thence  southward  to  the  Gulf  of  California. 
The  flood  plain  in  the  center  of  the  valley  is  terminated  laterally 
by  bluffs  of  the  Chemehuevis  gravel.  Between  these  bluffs  and  the 
mountains  on  either  side  are  long  corrugated  slopes  covered  with 
angular  rock  debris  or  wash  from  the  highlands.  The  slopes  in  the 
Mohave  Valley  were  examined  with  more  care  than  elsewhere,  and 
are  described  in  a  following  section.     (See  pp.  41-42.) 

At  Eagle  Rock,  near  the  southern  end  of  Round  Island,  the  river 
leaves  the  flood  plain  and  flows  through  a  narrow  rock  gorge  about  a 
mile  long  and  150  feet  deep.  The  rock  is  andesite,  and  its  relation 
to  the  gravel  formations  is  shown  in  fig.  7.  The  gravel-filled  channel 
to  the  east  connects  the  Round  Island  Valley  with  the  Cottonwood 
Valley  proper.  In  other  words,  Colorado  River,  during  one  of  its 
periods  of  canyon  cutting,  described  under  ''Geologic  history'^ 
(pp.  62-67),  failed  to  reexcavate  its  old  gravel-filled  channel  at  Eagle 
Rock  and  cut  a  new  channel  in  the  rock  west  of  the  old  one. 

PYRAMro    CANYON. 

South  of  the  Cottonwood  Valley  the  granite  and  gneiss  of  the 
bordering  mountains  extend  across  the  valley  of  the  Colorado,  and 
through  these  rocks  the  river  has  cut  a  canyon  about  300  feet  deep 
and  8  miles  long.  This  is  known  as  Pyramid  Canyon,  the  name 
being  derived  from  a  pyramid-shaped  rock  near  the  northern  end. 
East  of  the  canyon,  and  separated  from  it  by  a  narrow  rock  ridge 
(see  PI.  IX),  is  an  old  channel  filled  with  sand  and  gravel — Cheme- 
huevis gravel — ^remnants  of  which  occur  400  feet  or  more  above  the 
river,  overlying  and  abutting  against  the  granite  and  gneiss,  as  shown 
in  PL  m,  B. 

One  of  the  proposed  dam  sites  of  the  Reclamation  Service  is 
located  at  the  southern  end  of  Pyramid  Canyon,  near  Bulls  Head 
rock,  the  southern  extremity  of  the  rock  ridge.  On  account  of  the 
investigations  of  the  Reclamation  Service  in  this  vicinity  much 
exact  information  is  available.  On  this  account  the  Bulls  Head 
region  is  perhaps  the  best  locality  for  the  description  and  illustration 
of  the  late  physiographic  history  of  Colorado  River.     Unfortunately 
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tlio  detailed  maps  do  not  extend  far  enough  northward  to  show  to 
advantage  the  relation  of  the  new  rock  channel  to  the  old  gravel-filled 
valley,  but  its  southern  end  is  shown  in  PL  IX,  and  its  relations 
are  indicated  in  fig.  8.  In  PL  X,  A,  a  view  of  Bulls  Head  rock  is 
presenteci,  showing  the  river  channel  to  the  left  and  the  gravel-filled 
valley  to  the  right,  as  seen  from  the  south.  At  intervals  for  several 
miles  north  of  Bulls  Head  rock  the  ridge  between  the  old  and  new 
channel  is  cut  through  by  tributary  washes,  exposing  such  sections 
of  the  Chemehuevis  gravel  as  that  shown  in  PL  III,  B. 

The  old  course  was  not  so  satisfactorily  traced  to  the  south. 
As  shown  on  the  map,  it  apparently  crossed  the  present  course  of  the 
river  at  a  point  where  the  gravels  fill  a  depression  similar  to  that  at 
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>  iG.  8.—  I'rofiles  across  Colorado  River  at  the  southern  end  of  Tyramid  Canyon,  oonstracted  from 
boring  records.    (For  location  see  PI.  IX.) 

the  north,  and  connected  with  the  extensive  gravel  deposits  of  the 
Mohave  Valley  to  the  south. 

Although  the  river  occupies  a  narrow  rock  channel  in  Pyramid 
Canyon,  it  does  not  flow  upon  a  rock  bed,  as  might  be  expect^^ 
Borings  were  made  for  the  Reclamation  Service  in  three  local;*" 
across  the  river  (see  PL  IX),  and  the  gravel  filling  was  found  to  De 
more   than   100  feet  deep.     The  probable  profiles,  as  constructed 
from  the  boring  records,  are  shown  in  fig.  8. 

Xo  distinction  can  be  drawn  with  certainty  between  the  old  and 
new  channels  at  the  places  where  the  borings  were  made.  At  the 
northernmost  locality  (section  A-By  fig.  8)  the  channel  at  the  left  now 
occupied  l)y  the  river,  in  which  the  gravels  are  about  50  feet  deep, 
is  apparently  the  new  one,  and  that  at  the  right,  more  than  100  feet 
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deep,  the  old  one;  but  in  the  absence  of  soundings  within  the  canyon 
north  of  Bulls  Head,  the  depth  of  the  new  channel  remains  in  doubt. 
Borings  100  feet  deep  in  the  older  channel  do  not  penetrate  through 
the  gravels. 

A  brief  statement  of  the  physiographic  history  of  the  river,  as 
here  recorded,  may  give  a  clearer  understanding  of  the  phenomena 
described.  The  river  at  some  former  time  occupied  the  old  course 
to  the  east  (PI.  IX)  and  eroded  its  channel  to  a  depth  considerably 
below  the  present  river  level.  Later  the  Colorado  deposited  the 
Chemehuevis  gravel,  filling  its  valley  with  sand  and  gravel  to  a 
level  several  hundred  feet  above  the  present  bed.  When  the  river 
again  began  to  erode,  it  reexcavated  the  old  valley  throughout  the 
greater  part  of  its  course,  but  in  Pyramid  Canyon,  at  Eagle  Rock 
(described  in  the  previous  section),  and  at  other  places  farther  south 
to  be  described  in  following  sections,  it  left  its  old  course  and  cut 
rock  gorges  at  one  side. 

MOHAVE   VALLEY. 

The  Mohave  Valley  is  a  large  basin  extendihg  from  Bulls  Head 
southward  to  The  Needles,  a  distance  of  about  35  miles.  The  center 
of  the  basin  is  occupied  by  a  broad  flood  plain  having  an  area  of 
about  50,000  acres.  This  is  bordered  on  either  side  by  terraced 
gravel  bluffs,  from  which  long,  graded,  alluvial  slopes  extend  to  the 
bordering  mountains,  joining  the  slopes  at  altitudes  of  2,500  to  3,000 
feet. 

The  rock  masses  in  the  Mohave  Valley  were  examined  principally 
east  of  the  river.  The  rocks  of  Black  Mesa  to  the  east  are  mainly 
andesite  and  rhyolite,  resting  upon  granitic  gneiss.  Overlying  these 
older  rocks  occurs  a  formation  of  partly  consolidated  sand  and  gravel, 
which  in  composition  and  general  appearance  resembles  the  Temple 
Bar  conglomerate.  It  is  exposed  in  steep  cliffs  in  the  washes  of  the 
alluvial  slope,  and  the  strata  are  generally  nearly  horizontal.  In 
some  places,  however,  the  layers  are  faulted  and  tilted  (see  PI.  X,  B). 
These  stratified  sands  and  gravels  are  covered  with  coarse  rock  debris, 
due  partly  to  wash  from  the  hills  and  partly  to  surface  concentra- 
tion of  the  coarser  material  of  the  conglomerate. 

Resting  upon  this  formation  and  occupying  spaces  eroded  in  it  is 
the  Chemehuevis  gravel,  forming  conspicuous  terraces,  three  of 
which  an*  prominent  and  traceable  continuously  for  considerable 
distances:  in  some  j)laces  five  are  distinguishable.  The  lowest  is 
about  50  f(»ot  above  the  river,  and  is  represented  by  the  broad  shelf 
upon  wliich  old  P\)rt  Mohave  stands;  the  second  is  about  100  feet 
higher,  and  the  others  occur  at  intervals  of  50  to  100  feet. 

The  Clieinehuevis  gravel  varies  considerably  in  character  from 
place  to  place  from  beds  of  large,  well-rounded  pebbles  lo  XXio^fc  <^V 
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lino  sand  and  clay.  At  the  northern  end  of  the  Mohave  Valley,  near 
Bulls  Head,  there  are  two  distmet  divisions  of  the  gravel.  (See  PI. 
Ill,  B.)  The  lower  division  consists  mainly  of  well-stratified  and 
firmly  packed  sand  and  silt;  the  upper  of  stratified  but  very  loose 
sand  and  gravel.  The  two  divisions  appear  to  be  perfectly  conform- 
able, and  the  difference  in  character  is  probably  due  to  some  change 

in  the  river,  such  as 


an  mcrease  in  its 
carrying  power,  en- 
abling it  to  bear  the 
finer  material  away 
and  deposit  only 
the  coarser  mate- 
rial; or  to  a  change 
in  course,  bringing 
the  gravel-bearing 
current  over  what 
had  formerly  been 
a  flood  plain. 

The  gravels  in  the 
old  channel  east  of 
Pyramid  Canyon 
were  examined  with 
considerable  care 
and  found  to  consist 
of  limestone,  mar- 
ble, sandstone,  and 
metamorphic  and 
igneous  rocks  of 
great  variety.  Many 
of  the  limestone 
pebbles  have  beau- 
tifully etched  sur- 
faces, which  Gilbert"  describes  as  '^carved  with  a  network  of  ver- 
micular grooves  into  a  most  beautiful  arabesque  design."  These 
etc'lied  pebbles  were  observed  in  the  Chemehuevis  gravel  throughout 
the  region  described. 

THE    NEEDLES. 

South  of  the  Mohave  Valley  occurs  a  mass  of  eruptive  rock  resting 
on  tlio  flanks  of  the  Mohave  Mountains  (section  A\  i\^.  9),  and  charac- 
terized l^y  sharp  pinnacles  of  erosion,  from  which  the  group  has  been 
called  The  Needles.  Mohave  Canyon,  about  8  miles  long,  has  been 
cut  in  this  eruptive  mass  to  a  depth  of  about  2,000  feet.      In  gen- 
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Fig.  9.— Diagrammatic  sections  across  Colorado  River.  L,  Pyramid 
Canyon;  M,in  the  Mohave  Valley;  .Y.  in  the  Needles  Moimtains; 
0,  at  the  mouth  of  Williams  River.  1,  Chemehuevis  gravel;  2.  gran- 
ite; 3,  Temple  Bar  conglomerate;  4,  eruptive;  5,  basalt. 


a  Cilhert,  O.  K'.,  V.  S.  Geog.  Sur\'.  W.  lOOth  Mer..  vol.  .'^,  1875,  pt.  1,  pi.  9  and  p.  83. 
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eral  the  rock  walls  rise  abruptly  from  the  water's  edge,  but  in  some 
of  the  more  open  spaces  sand  and  gravel  of  the  Chemehuevis  forma- 
tion occur  to  a  considerable  height  above  the  river. 

At  Big  Bend,  4  miles  south  of  Mellen,  the  river  leaves  a  compara- 
tively open  portion  of  the  canyon  and  turns  abruptly  to  the  west 
into  a  narrow  rock  gorge  having  an  old  gravel-filled  channel,  wliich 
continues  southward  in  the  normal  direction  of  the  river  (fig.  10). 


Topography  Fr<Mn  Mcedks 
afSnecial  mop 


Cdf^tov^  ("I 


Fig.  10.— ICapof  Oroat  Bond  in  Mohavo  Canyon,  showing  n-lalion  of  an  old  (l«']>ris-filJ«'(l  channol  to 
the  present  course  of  l'olora<lo  Hiv<>r. 

The  phenomena  here  are  similar  to  those  just  described  from  P\Tamid 
Canyon,  except  that  the  new  course*  is  shorter  and  the  gravel  fdling 
of  the  old  one  has  been  more  nearly  eroded  away  than  in  Pyramid 
Canyon. 

CHEMEHITEVIS    VALLEY. 

The  Chemehuevis  Valley  extends  from  The  Needles  to  the  mouth 
of  Williams  River,  a  distance  of  about  25  miles,  and  is  narrower  Uvvvw 
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the  other  basins  along  the  course  of  the  river.  The  Chemehuevis 
gravel,  which  derives  its  name  from  this  valley,  occurs  here  in  char- 
acteristic development,  lying  unconformably  upon  older  and  partly 
consolidated  gravels.  The  older  gravels  are  horizontally'  bedded 
in  some  places  but  in  others  are  faulted  and  highly  inclined. 

The  relation  of  the  Chemehuevis  gravel  to  the  older  conglomerate 
was  noted  at  several  points  along  the  river.  In  some  places  the  older 
gravels  are  undisturbed  beneath  the  Chemehuevis,  the  two  being 
separated  by  an  unconformity  of  erosion  (section  J.,fig.  11).  In  other 
places  the  older  gravels  are  upturned,  eroded,  and  overlain  by  hori- 
zontally stratified  Chemehuevis  gravel  (section  B,  fig.  11).     In  stUl 
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Fig.  11 .— Rolations  of  gravol  formations  to  cuich  other  and  to  igneous  rot-k  in  the  Chemehuevis  Vallpy. 
A,  The  thrcfl  gravel  fonnations  horizontally  l)ed(lcdbut  separated  by  unconfonnities of  erosion;  B, 
th(»  older  conglomerate  tilted,  eroded,  and  overlain  l)y  horizontally  bedded  younger  gravels;  C,  the 
oUler  grav<'ls  tilted,  intersected  and  overlain  by  lava,  eroded,  and  again  overlain  by  horizontally 
bedded  yomiger  gravels.  1,  Flood-plain  deposits;  2,  Chemehue\is  gravel;  3,  Temple  Bar(7)con- 
glonu'rate;  4,  igneous  rocks. 

other  places  the  older  gravels  are  tilted,  intersected  by  lava,  eroded, 
and  overlain  by  the  Chemehuevis  gravel  (section  C,  fig.  11). 

The  older  gravels  apparently  overlie  rliyolite  and  andesite,  and  at 
one  point  a  stratum  of  rhyolitic  ash  occurs  within  them.  They  vary 
greatly  in  character  ifora  place  to  place  from  sandy  clay  to  a  breccia 
with  granite  bowlders  4  feet  in  diameter.  In  general  appearance 
they  resemble  the  Temple  Bar  conglomerate,  and  are  provisionally 
correlated  with  it.  This  conglomerate  is  apparently  the  one  which 
Newberry"  in  the  Ives  report  referred  to  the  Tertiary. 

AUBREY    CAXYOX. 

Near  the  southern  end  of  the  Chemehuevis  Valley  the  granite 
of  the  bordering  mountains  approaches  the  river,  and  at  the  mouth 
of  Williams  River  the  Colorado  enters  a  narrow  canyon,  the  waUs  of 

o.\ew)>erry,  J.  S.,  Re[K)rt  ui)on  the  Colorado  Kiver  of  the  West  by  Lieut.  .1.  C.  Ives,  pt.3, 1861, p. 29. 
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which  are  composed  of  granite  overlain  by  eruptive  rock  (section  0, 
fig.  9).  The  eruptives  west  of  the  canyon  were  not  examined  closely, 
but  resemble  in  general  appearance  the  rhyolite  and  andesite  to  the 
north  and  the  great  masses  of  similar  rock  composing  the  Chocolate 
Mountains  to  the  south.  The  eruptive  rock  east  of  the  river  is  the 
basalt  which  caps  the  Temple  Bar  conglomerate,  as  described  and 
illustrated  from  Williams  Canyon  (fig.  16). 

East  of  Aubrey  Canyon,  and  exposed  in  the  bluffs  of  Williams 
Canyon  (see  p.  54),  is  an  old  valley  filled  to  a  depth  of  about  1,000 
feet  with  the  Temple  Bar  conglomerate  and  covered  with  800  feet 
of  basalt.  Aubrey  Canyon  is  younger  than  this  gravel -filled  valley, 
having  been  cut  through  the  basalt  sheet  covering  the  Temple  Bar 
conglomerate. 

The  rock  channel  in  Aubrey  Canyon  has  been  cut  to  a  considerable 
depth  beneath  the  present  river  level,  and  filled  with  sand  and 
gravel.  Borings  made  for  the  Reclamation  Service  near  the  head  of 
the  canyon  failed  to  reach  bed  rock  at  a  depth  of  75  feet.  In  the  open 
basins  the  river  is  building  flood  plains,  and  the  sediment  accumu- 
lated within  the  canyon  evidently  corresponds  with  that  in  the  open 
basinS;  but  the  maximum  depth  of  this  most  recent  deposit  is  no- 
¥rhere  indicated. 

Here,  as  elsewhere  along  Colorado  River,  there  is  abundant  evi- 
dence of  a  complex  physiographic  history.  A  broad  valley,  described 
elsewhere  as  the  Detrital-Sacramento  Valley  (see  p.  52),  was  formed 
east  of  Aubrey  Canyon  and  filled  to  a  depth  of  1 ,000  feet  or  more  Avdth 
sand  and  gravel — the  Temple  Bar  conglomerate.  This  was  covered 
with  800  feet  or  more  of  basalt,  and  a  new  canyon  was  later  eroded 
west  of  the  old  one  (section  0,  fig.  9).  Still  later  this  canyon  was 
filled  with  several  hundred  feet  of  sand  and  gravel — Chemehuevis 
gravel — which  were  partly  carried  away  by  renewed  erosion  that 
cut  the  canyon  to  a  depth  lower  than  the  present  river  level.  This 
channel  was  in  turn  filled  to  its  present  condition. 

GREAT  COLORADO  VALLEY. 

The  Great  Colorado  Valley  was  examined  only  in  the  immediate 
vicinity  of  the  river  during  a  somewhat  hurried  excursion  by  boat, 
but  the  data  obtained  are  supplemented  to  some  extent  by  the 
investigations  of  the  Reclamation  Service.  The  valley  is  the  largest 
of  the  basins  through  which  Colorado  River  flows,  extending,  with 
varying  width,  from  Aubrey  Canyon  southward  to  the  Choco- 
late Moimtains,  .a  distance  of  about  75  miles.  The  Riverside  and 
Halfway  mountains  form  a  partial  boundary  on  the  west,  and  the 
Dome  Rock  and  other  mountains  on  the  east;  but  between  the  moun- 
tain  groups  occur  broad  grades,  such  as  the  Cactus  Plain. 
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Like  the  other  basms  described,  the  Great  Colorado  Valley  contains 
gravels  representing  three  distinct  epochs  of  accumulation.  The 
oldest,  interpreted  as  belonging  to  the  Temple  Bar  conglomerate, 
was  observed  near  the  northern  end  of  the  valley,  where  it  is  overiain 
by  lava,  as  at  Headgate  Rock.  Farther  to  the  south,  in  the  middle 
of  the  valley,  it  was  not  identified. 

The  yoimger  or  Chemehuevis  gravel  occurs  throughout  the  Great 
Colorado  Valley  in  conspicuous  terraced  bluffs.  The  beds  vary  much 
in  composition,  from  a  sandy  silt  to  coarse  gravel,  the  finer  material 
greatly  predominating.  The  sand  is  regulariy  stratified,  cross-bedded, 
and  not  distinguishable  in  physical  character  or  composition  from 
the  beds  forming  at  the  present  time  over  the  flood  plain.  The 
Chemehuevis  gravel  extends  for  an  undetermined  distance  back  from 
the  terraced  bluffs,  and  form  corrugated  slopes  illustrated  in  fig.  12. 
The  washes  entering  at  the  sides  of  the  valley  have  steeply  graded 
floors,  often  extending  back  many  miles  toward  the  hills,  and  are  ter- 
minated laterally  by  nearly  perpendicular  walls.  These  floors  often 
join  laterally,  forming  wide  graded  slopes. 

From  the  foot  of  the  gravel  bluffs  (fig.  12)  and  extending  through- 
out the  valley  with  a  maximum  width  of  12  miles  and  a  length  of  75 
miles  are  flood  plains  building  up  by  the  deposition  of  sand  and  silt. 
Over  this  great  area  Colorado  River  is  continually  shifting  its  chan- 
nel, sometimes  gradually  by  slow  cutting  and  filling  and  sometimes 
suddenly  by  turning  through  one  of  the  numerous  abandoned 
channels. 

The  annual  floods  carry  immense  quantities  of  silt,  which  they 
spread  over  the  flood  plain,  building  it  up  with  great  rapidity.  Where 
the  caving  banks  of  the  river  expose  vertical  sections  it  was  noted 
that  the  roots  of  living  arrow  weeds  had  been  buried  to  a  depth  of  6 
feet  or  more.  In  other  words,  there  have  been  accumulations  of  silt 
6  feet  or  more  in  depth  during  the  life  of  this  shrub.  The  material 
is  well  stratified,  sometimes  with  horizontal  lamination,  but  often 
showing  a  conspicuous  oblique  lamination  similar  to  that  found  in 
the  Chemehuevis  gravel.  Much  of  the  silt  is  \evy  fine  and  is  held  in 
suspension  for  a  long  time.  When  deposited  in  thick  beds  it  dries 
and  cracks  in  colunmar  form,  some  of  the  columns  being  2  to  3  feet 
in  diameter  and  separated  by  cracks  several  inches  wide  and  2  feet  or 
more  deep. 

CHOCOLATE    MOUNTAINS. 

South  of  the  Great  Colorado  Valley,  for  a  distance  of  about  30 
miles,  Colorado  River  flows  in  a  canyon  or  narrow  valley  throu<i:li  the 
Chocolate  Moimtains — a  name  applied  generally  to  a  complex  <2:roup 
consisting  of  the  Spire  Range,  the  Picacho  group,  the  Castle  Dome 
Mountains,  and  the  Purple  Hills. 
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FiQ.  13.— Map  and  section  of  u  part  of  Chocolate  Canyon,  showing  an  old  dt^bris-fiUed  channel  to.the 
east  of  the  present  channel.     (Section  constructed  from  boring  records.) 
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The  rock  exposed  along  the  river  is  principally  effusive,  although 
granite  and  metamorphosed  sediments  occur  in  some  places.  The 
eflFusive  rock,  consisting  of  pink  and  white  rhyoUte  in  the  form  of  ash, 
breccia,  and  flow,  extends  from  the  river  level  apparently  to  alti- 
tudes of  several  thousand  feet,  and  is  characterized  by  conspicuous 
cliffs,  erratic  forms  of  erosion,  and  rock  slopes  barren  of  vegetation. 

Physiographic  changes  similar  to  those  at  Bulls  Head  and  else- 
where were  noted  in  Chocolate  Canyon.  At  Lighthouse  Rock  the 
river  has  apparently  left  its  old  channel  and  cut  laterally  into  the 
rhyolite,  leaving  Lighthouse  Rock  standing  in  the  water.  A  boring 
in  the  channel  at  this  point  failed  to  reach  bed  rock  at  a  depth  of  80 
feet.  Farther  down  the  river,  near  Picacho,  several  borings  in  the 
river  bed  failed  to  reach  solid  rock  at  a  depth  of  100  feet. 

Probably  the  best  illustration  of  changes  in  the  course  of  the  river 
in  this  vicinity  is  to  be  found  at  the  so-called  Cacopah  dam  site  of  the 
Reclamation  Service,  near  the  southern  end  of  Chocolate  Canyon. 
At  this  point  the  Colorado  flows  close  to  the  rhyolite  hills  on  the  west, 
with  one  rock  island  standing  in  the  river  and  another  on  the  eastern 
bank.  (See  fig.  13.)  Between  these  islands  and  the  hills  to  the  east 
is  a  broad  sand  flat. 

Borings  made  at  the  various  places  indicated  in  fig.  13  show  that 
the  channel  now  occupied  by  the  river  has  been  eroded  to  a  depth  of 
about  100  feet,  and  later  filled  with  sediment,  while  the  old  channel 
to  the  east  is  deeper,  no  solid  rock  being  found  at  a  depth  of  138  feet. 

A  significant  observation  was  made  at  this  point  by  Homer  Ham- 
lin,* who  noted  that  in  one  of  the  borings  the  drill  penetrated  through 
the  rhyolite  and  entered  a  gravel  bed.  (See  fig.  13.)  The  rhyolite  is 
presumably  of  Tertiary  origin,  as  are  also  the  rhyolites  farther  north, 
more  fully  described  elsewhere  (p.  83).  It  is  possible  that  the  under- 
lying gravels  may  be  equivalent  in  age  to  some  of  the  tilted  and  con- 
solidated gravels  farther  north,  which  were  referred  by  Newben^' 
to  the  Tertiary,  but  which  the  present  writer  has  provisionally 
correlated  with  the  Temple  Bar  conglomerate  and  referred  to  the 
Quaternary. 

HUALPAI  VALLEY. 

LocdtUm  and  character, — The  Hualpai  Valley,  about  60  miles  long 
and  25  miles  wide,  is  located  in  the  northeastern  part  of  the  region 
described.  Except  for  a  few  miles  at  the  northern  end,  it  is  an 
undrained  basin,  in  the  lowest  part  of  which  flood  waters  gather  and 
remain  imtil  they  either  evaporate  or  sink  into  the  valley  filling. 
"Red  Lake,"  thus  formed,  contains  water  for  periods  varying  from 
a  few  days  to  several  months.  At  other  times  it  is  a  broad,  barren 
mud  flat. 
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The  floor  of  the  Hualpai  Valley  is  nearly  level  at  an  altitude  of 
about  3,000  feet  and  is  met  on  either  side  by  mountain  slopes  at  high 
angles.  The  plateau  to  the  east  drains  away  from  Hualpai  Valley 
into  Colorado  River,  and  the  drainage  from  the  White  Hills  and  the 
Cerbat  Mountains  to  the  west  and  from  the  Hualpai  and  Peacock 
mountains  to  the  south  is  so  small  as  to  be  negligible.  The  only 
stream  worthy  of  note  that  enters  this  great  valley  is  Truxton  Creek, 
the  bed  of  which  is  usually  dry,  but  which  occasionally  contains  floods 
of  great  volume. 

Structure, — The  Hualpai  Valley  is  a  structural  trough  formed  by 
faulting  and  block  tilting.  The  Grand  Wash  fault,  with  a  displace- 
ment of  10,000  feet  or  more  at  the  mouth  of  Grand  Canyon,  continues 
southward  into  the  valley,  together  with  several  smaller  faults  to  the 
west.  The  general  trend  of  this  fault  zone  in  the  vicinity  of  Colorado 
River,  where  it  is  best  known,  suggests  that  it  may  extend  through 
the  Hualpai  Valley  beneath  the  detrital  accumulations  and  reappear 
in  the  fault  west  of  the  Hualpai  Mountains.  On  the  other  hand, 
extensive  displacements  by  faulting  have  taken  place  along  the  Cot- 
tonwood and  Aquarius  cliffs  (see  pp.  19-20),  and  it  is  possible  that 
these  cliffs  mark  the  southward  extension  of  the  Grand  Wash  fault. 

At  the  northern  end  of  the  valley  the  sedimentary  formations  are 
tilted  steeply  to  the  east;  along  the  eastern  flank  of  the  White  Hills 
and  Cerbat  Mountains  the  sheets  of  basalt  dip  eastward  beneath  the 
valley  floor.  The  trough  formed  by  this  downthrow  to  the  east  has 
been  filled  with  rock  debris  to  some  unknown  depth;  a  well  bored 
700  feet  deep  near  the  head  of  Hualpai  Wash  did  not  pass  through 
it.  The  material  on  the  alluvial  slopes  is  coarse,  but  in  the  center  of 
the  valley  it  is  fine  and  is  continually  shifted  by  the  winds. 

BIG  SANDY  VALLEY. 

Location  and  character. — The  Big  Sandy  Valley  is  located  between 
the  Aquarius  Cliffs  on  the  east  and  the  Hualpai  Mountains  and 
Aubrey  Hills  on  the  west,  and  extends  from  Hackberry  southward 
to  Williams  River.  The  lowest  part  of  the  valley,  known  as  Big 
Sandy  Wash,  lies  at  the  foot  of  the  cliffs  as  far  south  as  Signal,  but 
at  this  point  the  Big  Sandy  leaves  the  main  valley  and  passes  through 
Signal  C^anyon.  Several  streams  of  considerable  size  emerge  from 
the  plateau  to  the  east  through  deep,  narrow  canyons  and  discharge 
into  the  Big  Sandy.  The  largest  of  these  are  White  Cliff,  Trout,  and 
Sycamore  creeks. 

That  portion  of  the  valley  between  the  Hualpai  Mountains  and 
Big  Sandy  Wash  consists  of  a  long,  graded  detrital  slope  (see  fig.  2, 
p.  24),  more  or  less  deeply  cut  by  parallel  washes,  such  as  Deluge 
Wash.  This  highly  inclined  detrital  slope,  the  western  fault  scarp 
(^f  the  Hualpai  Mountains,  and  the  fault  scarp  to  the  east  (Aquarius 
Cliffs)  all  terminate  at  the  south  in  practically  the  same  latitude. 
T}ic  southern  end  of  the  valley,  between  the  Artillery  Mountains  and 
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the  Aubrey  Hills,  has  a  slight  inclination  to  the  east,  but  is  in  general 
an  undissected  and  undrained  detrital  plain. 

Rock  formations. — The  oldest  rocks  in  the  Big  Sandy  Valley  are 
the  granites  exposed  in  the  bordering  mountains  and  cliffs,  which, 
because  of  their  resemblance  to  the  granite  beneath  the  Cambrian 
sediments  in  the  Grand  Wash  Cliffs,  are  thought  to  be  of  pre-Cambrian 
age.     They  are  overlain  in  places  by  Tertiary  andesites. 

The  trough  formed  by  these  older  rocks  is  partly  filled  with  rock 
d6bris  which  has  been  later  exposed  by  erosion.  The  oldest  detrital 
beds  have  been  upturned  and  eroded  to  depths  of  800  feet  or  more. 
They  are  composed  of  clay,  sand,  and  gravel,  and  in  places  contain 


FiQ.  14.— Sketch  section  across  Big  Sandy  Wash  near  mouth  of  Deluge  Wash,  showing  the  older  gravels 
tilted  eastward,  eroded,  and  overlain  by  younger  gravels,  and  ^ain  eroded  and  partly  covered  by 
recent  flood-plain  deposits.    1,  Flood-plain  deposits;  2,  Temple  Bar  (?)  conglomerate;  3,  gravel. 

granite  bowlders  5  to  8  feet  in  diameter.  In  other  places,  as  at 
Deluge  Wash  (PI.  IV,  5),  they  are  composed  of  clay  and  fine,  well- 
stratified  sand  and  volcanic  ash. 

Within  the  valley  eroded  in  the  oldest  tilted  detrital  beds,  and 
resting  with  horizontal  bedding  upon  their  eroded  edges,  is  a  second 
series  of  gravel  deposits.  These  are  perhaps  best  exposed  near  the 
mouth  of  Deluge  Wash,  where  they  are  about  50  feet  thick.  This 
second  gravel  accumulation  was  in  turn  eroded  and  a  third  deposit 
laid  down.     (See  fig.  14.) 

In  general  character  and  stratigraphic  position  the  oldest  detritus 
corresponds  with  the  Temple  Bar  conglomerate,  the  middle  with  the 


Fig.  15.— Sketch  section  across  Big  Sandy  Wash  at  the  mouth  of  Trout  Creek,  showing  the  older 
gravels  overlying  granite,  tilted  eastward,  and  terminating  against  the  granite  of  Cottonwood 
Creek.    1,  Flood-plain  deposits;  2,  Temple  Bar  (?)  conglomerate;  4,  granite. 

Chemehuevis  gravel,  and  the  youngest  with  the  flood-plain  deposits 
of  the  Colorado  Valley,  but  no  definite  correlation  can  be  made  at 
the  present  time. 

Structure. — The  Big  Sandy  Valley  is  a  trough  formed  by  faulting. 
The  fault  zone  along  the  Grand  Wash  and  Cottonwood  clifi's  continues 
southward  to  the  Aquarius  Mountains.  Recent  movement  along  this 
zone  is  indicated  by  the  displacoment  of  portions  of  the  andesite  sheet 
at  the  northern  end  of  the  valley  and  by  the  faulted  and  tilted  gravel 
beds  near  the  mouth  of  Trout  Creek  (fig.  Jo),  where  the  strata  mcline 


52  RECONNAISSANCE   OF  PART  OF   WESTERN  ARIZONA. 

32°  to  the  east  and  end  abrubtly  against  the  granite  at  the  fault  line. 
This  evidence  of  faulting,  considered  in  connection  with  the  faulting 
and  block  tilting  in  the  Hualpai  Mountains,  indicates  that  the  Big 
Sandy  Valley  was  formed  by  a  downthrow  of  the  eastern  edge  of  the 
Ilualpai  block.     (See  fig.  2  and  section  S-S\  Fl.  V,  p.  24.) 

SIGNAL  CANYON. 

At  the  town  of  Signal  the  Big  Sandy  leaves  the  dfibris-filled  trough 
and  }>asses  through  a  rock  gorge  known  as  Signal  Canyon.  The  rocks 
exposed  are  coarse-grained  granites  in  the  northern  part  of  the  canyon 
and  andesites  in  the  southern  part.  These  rocks  had  been  deeply 
dissected  previous  to  the  accumulation  of  the  older  detrital  beds 
(just  described)  which  later  filled  the  old  valleys  and  were  in  turn 
buried  beneath  effusive  rock.  Later,  during  the  erosion  of  Signal 
Canyon,  these  old  valleys  were  reexcavated  in  part,  leaving  on  the 
mountain  sides  conspicuous  shelves  of  lava-covered  detritus.  (See 
PL  III,  A.) 

The  broad,  debris-filled  trough  here  called  the  Big  Sandy  Valley 
continues  soutliward  west  of  the  Artillery  Mountains  to  Williams 
Canyon,  where  the  detritus  is  seen  to  extend  lower  than  the  bed  of 
Williams  River. 

DETRITAL-SACRAMENTO  VALLEY. 

Location  and  character, — The  Detrital-Sacramento  Valley  extends 
from  Colorado  Iliver  on  the  north  to  Williams  River  on  the  south, 
betwo(Mi  the  Cerbat  and  Hualpai  mountains  to  the  east  and  the  Black 
Mountain  Range  to  the  west.  Thus  defined  it  is  about  130  miles  long 
and  5  to  15  miles  wide.  The  northern  part  of  the  valley,  drained  by 
Dotrital  Wash,  is  locally  known  as  the  Detrital  Valley,  and  the  cen- 
tral ])art  as  the  Sacramento  Valley.  (See  PI.  XI.)  The  southern 
part  l)oars  no  name,  but  since  it  is  the  southern  continuation  of  the 
Sacramento  Valley,  the  whole  is  here  called  the  Detrital-Sacramento 
Valley. 

The  valley  was  apparently  formed  mainly  by  erosion,  although  its 
form  luis  been  modified  by  crustal  movements;  such  is  notably  the 
case  west  of  Chloride,  where  sheets  of  basalt,  outpoured  within  the 
valley,  have  been  tilted  eastward.  The  andesites  and  rhyolites  on 
eitlu^r  side,  from  the  southern  end  of  Black  Mesa  northward  to  Colo- 
rado River,  are  similar  in  cliaracter  and  occur  at  about  the  same  level. 
They  are  pr()bal)ly  remnants  of  a  single  eiTusive  mass  through  which 
tlie  Detrital-Sacramento  Valley  was  eroded. 

The  depth  to  which  this  valley  was  cut  is  not  definitely  known. 
At  the  northern  end  it  was  deeper  than  the  present  Colorado  Valley 
(altitude  SOO  feet),  and  in  Williams  Canyon  (altitude  505  feet)  it 
extends  beneath  the  bed  of  the  river.     The  maxinmm  depth  between 
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these  extremities  is  not  known.  At  Yucca  (altitude  1,804  feet)  the 
bottom  of  the  gravels  was  reached  in  a  well  at  a  depth  of  905  feet, 
or  at  an  altitude  of  about  900  feet  above  sea  level.  The  general  alti- 
tude of  Black  Mesa,  a  few  miles  west  of  Yucca,  and  of  the  mesa  east 
of  the  valley  near  Kingman,  is  about  3,500  feet.  Assuming  that  the 
mesas  are  remnants  of  the  surface  which  formerly  extended  across 
the  Detrital-Sacramento  Valley,  the  known  depth  of  erosion  at  Yucca 
is  about  2,500  feet.  Since  the  valley  is  known  to  be  deeper  than  this 
at  both  the  northern  and  southern  ends,  it  is  probable  that  the  well 
at  Yucca  does  not  penetrate  the  filling  at  the  deepest  point  and  that 
the  depth  of  the  old  valley  is  greater  than  2,500  feet. 

Detrital  filling, — The  Temple  Bar  conglomerate  filling  this  ancient 
valley  is  exposed  at  the  north  in  the  banks  of  Colorado  River  (PI.  II) 
and  at  the  south  in  Williams  Canyon  (PI.  VI,  B),  It  is  composed  of 
horizontally  bedded  sand,  gravel,  and  wash,  and  contains  sheets  of 
basalt  at  several  horizons.  The  composition  of  the  filling  at  the 
extremities  of  the  valley  is  described  under  '^Temple  Bar"  (p.  35), 
and  under  ^ ^Williams  Valley ^^  (p.  54),  and  need  not  be  repeated  here. 
Where  exposed  in  the  washes  throughout  the  valley  and  penetrated 
by  wells  the  material  does  not  differ  greatly  in  character.  Hori- 
zontally bedded  sand  and  gravel  containing  sheets  of  basalt  and 
having  the  same  general  appearance  as  the  beds  at  Temple  Bar  and 
in  Williams  Canyon  were  observed  within  the  valley  up  to  altitudes  of 
2,500  feet  or  more,  and  sheets  of  basalt  within  the  detrital  beds 
were  penetrated  in  the  well  at  Drake.  For  these  reasons  the  detrital 
filling  is  correlated  with  the  Temple  Bar  conglomerate. 

Considerable  erosion  has  taken  place  within  the  Detrital-Sacra- 
mento Valley  since  the  filling  was  completed.  Sacramento  Wash  is 
1,000  feet  or  more  lower  than  the  valley  floor  farther  north.  This 
difference  in  elevation  is  probably  due  in  part  to  surface  warping,  but 
is  regarded  as  due  mainly  to  erosion. 

In  general  the  sands  and  gravels  of  the  Detrital-Sacramento  Valley 
are  covered  with  angular  rock  debris,  consisting  in  part  of  fragments 
of  basalt,  andesite,  rhyolite,  and  granite,  working  their  way  over  the 
surface  as*  wash  from  the  hills,  and  in  part  of  the  coarser  material 
originally  deposited  with  the  sand  and  gravel  and  accumulated 
by  surface  concentration  during  the  later  degradation  as  the  finer 
material  was  washed  away  by  the  rains  or  blowTi  away  by  the  winds. 

WILLIAMS  VALLEY. 

Location  and  character, — Williams  River,  formerly  known  as  Bill 
Williams  Fork,  is  formed  by  the  junction  of  two  streams  (Big  Sandy 
Wash  and  Rio  Santa  Maria)  and  extends  from  this  junction  westward 
to  Colorado  River.  The  south  fork,  or  Rio  Santa  Maria,  emerges 
through  a  narrow  canyon  from  the  plateau  to  the  east  upon  a  broad 
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(letrital  plain,  into  which  it  has  cut  a  canyon  several  hundred  feet 
deep.  At  the  point  where  the  river  crosses  the  direct  southward  con- 
tinuation of  the  Big  Sandy  Valley  the  canyon  has 
been  broadened  to  a  basin  several  miles  wide. 
About  12  miles  east  of  Planet  this  basin  narrows 
to  a  gorge  about  8  miles  long,  known  as  Williams 
Canyon.  The  southern  wall  continues  westward 
to  Colorado  River,  but  the  northern  wall  is  broken 
down  west  of  Planet. 

Although  Williams  River  crosses  the  Temple 
Bar  conglomerate,  filling  the  Detrital-Sacramento 
Valley,  it  has  not  excavated  a  broad  basin  in  it, 
as  it  has  in  the  gravels  filling  the  Big  Sandy  Val- 
ley, the  difference  being  due  to  the  protection 
afforded  the  conglomerate  by  the  sheets  of  basalt. 
Rock  formations. — The  oldest  rock  masses  ex- 
posed in  Williams  Canyon  are  gneisses  and  met- 
amorphosed sediments  consisting  of  quartzites, 
slates,  and  limestones  associated  with  beds  of  iron 
ore  and  veins  of  copper.  Within  valleys  eroded 
in  these  rocks  occur  beds  of  the  Temple  Bar  con- 
glomerate. In  the  Detrital-Sacramento  Valley, 
which  crosses  the  Williams  Valley,  a  thickness  of 
nearly  1 ,000  feet  is  exposed  under  a  sheet  of  basalt 
800  feet  thick.  (See  fig.  16.)  The  lowest  part  of 
the  detritus  extends  beneath  the  bed  of  Williams 
River,  but  the  underlying  gneiss  and  granite  are 
exposed  at  the  sides  of  the  old  valley.     The  hori- 

0  "=    zontally    bedded    sand    and    gravel    have    been 

1  Z    disturbed  locally,  probably  by  the  eruption  of  the 
I  8    basalt  which  burst  upward  through  them. 

o 

^  :§  (Uoloijic  section  in  Williams  Canyon,  2  miles  east  of  Colorado  River. 
1  1  Feet. 

•^  '£  Massive  flow  of  basalt 800 

1  cT  Alternating  layers  of  sand  and  basalt ^ 40 

2  H  Sand  and  gravel  intersected  by  basalt  dikes 900 

.1  S  Granite  gneiss 50 

$  ^  Between  the  gravels  and  the  massive  flow  of 
2  basalt  at  the  top  is  a  transition  zone  40  feet  in 
2  thickness,  containing  at  the  point  where  the  sec- 
tion was  made  (PL  VI,  B)  five  thin  sheets  of  basalt 
separated  by  beds  of  sand.  Each  sheet  of  basalt  was  outpoured 
upon  what  was  then  the  surface,  and  each  in  tuin  was  covered  by 
sand.     The  sand  is  metamorphosed  for  a  few  inches  beneath  each 
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sheet  and  contains  fragments  of  scoriaceous  basalt  immediately  above 
each  sheet.  The  basalt  extends  completely  across  the  old  debris- 
filled  valley  to  the  rock  walls  on  either  side. 

That  the  basalt  burst  upward  through  the  sands  and  gravels  in  the 
midst  of  the  old  filled  valley  is  proved  by  the  occurrence  of  a  large  dike 
or  neck,  about  400  feet  wide  and  several  thousand  feet  long,  exposed 
in  the  WilUams  Valley  near  the  point  where  the  section  was  made. 
The  stratified  deposits  through  which  this  dike  broke  are  disturbed  and 
burned  to  a  brick  red  for  about  300  feet  from  the  dike.  Several 
smaller  dikes  occur  in  the  vicinity,  and  some  of  the  eruptive  masses  to 
the  north,  seen  only  from  a  distance,  appear  to  be  volcanic  necks 
standing  as  sharp  pinnacles  several  hundred  feet  above  the  level  of  the 
surrounding  plain. 

OTHER  VALLEYS. 

Location  and  character, — There  are  several  intermontane  plains 
south  of  WiUiams  River,  known  as  the  Cactus,  Posas,  and  Ranegras 
plains,  McMullan  Valley,  and  an  extensive  unnamed  plain  south  of  the 
Harquahala  Moimtains.  These  are  parts  of  the  great  desert  plains  of 
southwestern  Arizona.  They  are,  in  part  at  least,  old  d6bris-filled  val- 
leys similar  to  those  just  described,  but  their  original  depth  and  the 
character  of  the  filling  can  be  judged  only  by  surface  indications. 
These  plains  have  a  general  altitude  of  about  2,000  feet  in  the  eastern 
half  of  the  area  described,  and  decline  gradually  westward  to  Colorado 
River  (altitude  345  feet). 

DetritalJiUing, — Near  Williams  River  the  Cactus  Plains  have  been 
somewhat  dissected  by  erosion;  detrital  bluffs  500  feet  or  more  in 
height  occur,  while  the  total  depth  of  erosion  into  the  detritus  (the 
diflFerence  between  the  general  surface  altitude  of  2,000  feet  and  the 
river  elevation  of  600  feet)  is  about  1,400  feet.  The  ])luffs  thus  ex- 
posed are  composed  of  clay,  sand,  gravel,  and  angular  rock  fragments, 
consisting  of  granites,  andesites,  etc.,  with  sheets  of  embedded  basalt. 
Near  the  mouth  of  Date  Creek  a  sheet  of  basalt  about  30  feet  tliick 
caps  the  bluffs,  but  passes  into  the  detrital  beds  a  short  distance  back 
from  the  face  of  the  cUffs.  West  of  Date  Creek  two  basalt  sheets  occur 
in  the  detrital  beds.  The  lava  was  outpoured  upon  an  old  surface  and 
metamorphosed  the  material  beneath  it  to  some  extent.  At  the  sur- 
face of  each  of  the  lava  sheets  the  cavities  contain  zeolites,  and  the 
overlying  sands  contain  fragments  of  the  basalt,  indicating  that  the 
gravels  and  the  lavas  are  contemporaneous. 

The  detrital  material  exposed  in  the  bluffs  is  comparable  in  thick- 
ness and  has  the  same  general  appearance  as  the  oldest  detritus  in  the 
Big  Sandy  Valley  and  the  Temple  Bar  conglomerate  of  the  Detrital- 
Sacramento  Valley.     The  basalt  sheets  embedded  in  it  have  the  same 
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petrographic  character  as  those  contained  in  the  Temple  Bar  con- 
glomerate (see  p.  17)  and  were  supposedly  erupted  at  about  the  same 
time.  For  these  reasons  the  detrital  filling  is  correlated  tentatively 
\\dth  the  Temple  Bar  conglomerate. 

GEOIiOGIC  HISTORY. 

INTRODUCTORY  STATEMENTS. 

It  is  desirable  to  consider  at  this  point  the  geologic  hiatory  of  the 
region — to  review  the  facts  that  have  been  presented  and  to  emphasize 
their  significance.  Certain  cfonsiderations  which  depend  upon  the 
int(»rrelations  of  features  at  various  localities  are  also  presented  with- 
out reference  to  former  descriptions.  The  reader  should  be  reminded 
again  that  the  observations  were  made  during  rapid  reconnaissance 
trips  and  that  large  intervening  areas  were  not  examined.  With  the 
exception  of  the  Paleozoic  formations  of  the  Plateau  region,  none  of 
the  sediments  of  northwestern  Arizona  are  fossiliferous  so  far  as  ob- 
served, and  the  younger  formations  can  not  be  traced  continuously 
from  place  to  place.  The  history  of  the  region  is  largely  one  of  de- 
structive processes,  and  the  ordinary  means  of  correlation  are  wanting. 
For  these  reasons,  although  the  sequence  of  the  events  is  apparently 
clear,  their  places  in  the  geologic  time  scale  can  not  now  be  definitely 
fixed.  The  observed  facts  show  that  the  late  geologic  history  of  the 
region  is  separable  into  epochs  comparable  with  those  established  in 
neighboring  regions,  but  in  the  absence  of  adequate  correlation  data 
the  intention  is  to  emphasize  the  sequence  of  events,  the  provisional 
correlations  being  offered  only  as  a  working  basis. 

PRE-CAMBRIAN  CONDITIONS. 

Crystalline  rocks, — Throughout  northwestern  Arizona  the  oldest 
rocks  are  coarsely  crystalline  granites  and  gneisses.  In  the  plateau 
to  the  east  the  granites  underlie  the  Cambrian  sandstone  and  are  inter- 
sected by  less  coarsely  crystalline  intrusives. 

Sedimentation, — The  pre-Cambrian  sediments  so  extensively  devel- 
oped in  the  Grand  Canyon  region  apparently  once  extended  over  west- 
em  Arizona,  and  remnants  of  them  remain  at  the  northern  end  of  the 
region  near  Virgin  Canyon  and  from  Williams  River  southward  in  the 
southern  part  of  the  area  examined. 

Base-Jeveling. — Previous  to  the  deposition  of  the  Cambrian  sedi- 
ments there  was  a  long  period  of  erosion  during  wliich  such  sediments 
as  may  have  been  deposited  in  the  eastern  part  of  the  region  were  re- 
moved by  erosion  and  the  underlying  granites  were  base-leveled.  The 
line  representing  this  base-level  may  be  followed  in  the  cliffs  from 
Grand  Canyon  to  the  southern  end  of  the  Juniper  ^lountains. 
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PALEOZOIC  AND  MESOZOIC  CONDITIONS. 

-  But  little  can  be  said  of  the  history  of  tliis  region  during  Paleozoic 
and  Mesozoic  time.  Cambrian  sediments,  consisting  of  sandstone 
and  shale  (Tonto  formation),  underUe  the  plateau,  and  were  prob- 
ably deposited  over  a  large  part  of  western  Arizona.  No  Ordovician 
or  Silurian  formations  have  been  discovered,  and  the  Devonian  of 
Grand  Canyon,  described  by  Walcott,"  was  not  identified  in  the  area 
examined.  The  Carboniferous  is  represented  by  the  Redwall  lime- 
stone, which  extends  from  the  Mississippian  into  the  Pennsylvanian, 
as  previously  shown  in  the  description  of  rock  formations  (pp.  15-16). 
There  is  a  limited  exposure  of  Carboniferous  strata  younger  than  the 
Redwall  in  Iceberg  Canyon,  and  Mesozoic  formations  occur  east  of  the 
rim  of  the  plateau  in  a  maimer  which  suggests  the  probabiUty  that 
they  originally  extended  westward  over  the  region  described.  So  far 
as  known,  however,  no  remnants  of  any  of  these  formations  remain 
west  of  the  cliffs. 

Little  is  known  regarding  the  original  extent  of  the  older  sedimen- 
tary formations  in  western  Arizona  or  of  the  circumstances  attend- 
ing their  removal.  Probably  some  of  the  erosion  occurred  during 
the  Cretaceous  period,  as  suggested  by  Gilbert,''  but  nothing  was 
found  to  indicate  what  proportion  of  it  was  accompUshed  in  pre-Ter- 
tiary  and  what  in  early  Tertiary  time. 

TERTIARY    EVENTS. 

ExplaTuUory  statement, — No  great  amount  of  sediment  was  depos- 
ited within  the  area  described  during  Tertiary  time.  The  period  was 
apparently  one  of  uplift,  volcanic  activity,  and  extensive  erosion,  but 
it  is  not  known  whether  the  upUft  began  with  the  Tertiary  or  before, 
nor  can  the  Tertiary  be  confidently  separated  from  the  Quaternary. 
The  sequence  of  events,  based  upon  physiograpliic  evidence,  can  be 
stated  with  some  confidence,  but  the  various  epoclis  can  not  be  confi- 
dently referred  to  established  subdivisions  of  time. 

Denudation, — ^The  erosion  which  removed  the  older  sedimentary 
formations  from  western  Arizona  during  early  Tertiary  and  pre- 
Tertiary  time  was  evidently  on  an  extensive  scale.  \Miatever  Paleo- 
zoic and  Mesozoic  sediments  had  been  deposited  were  stripped  off 
and  the  imderlying  granites  deeply  dissected  previous  to  the  erup- 
tion of  the  oldest  effusives.  The  Eocene  sediments  extensively  devel- 
oped farther  north  in  parts  of  the  plateau  region  are  apparently  absent 
from  western  Arizona,  and  the  extensive  denudation  may  have  been 
accomplished  in  large  part  during  Eocene  time. 

a  Walcott,  C.  D.,  Am.  Jour.  Scl.,  3d  rot.,  vol.  20, 1880,  pp.  221-225. 
frOUbert,  G.  K.,  U.  8.  Oeog.  Surv.  W.  100th  Mer.,  vol.  3, 1875,  pt.  1,  p.  134. 
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Eruption  oj  andesite, — The  oldest  effusive  rock  thus  far  foimd  in 
western  Arizona  is  the  andesite  in  the  vicinity  of  Gold  Roads,  .a  min- 
ing camp  on  Black  Mesa,  west  of  Kingman.  The  andesite  rests  upon 
granite  and  underUes  an  extensive  series  of  rhyolites  and  younger 
andesites,  but  no  further  evidence  of  its  age  was  obtained.  It  may 
be  a  time  equivalent  of  the  great  masses  of  andesite  comprising  the 
Pine  Valley  Moimtains  and  resting  upon  the  Eocene  sediments  in  the 
southwestern  part  of  Utah.  These  masses,  according  to  Himtington 
and  Goldthwaite,"  were  probably  extruded  at  the  close  of  the  Eocene. 
The  provisional  reference  of  the  Arizona  andesite  to  the  close  of  the 
Eocene  is  based  on  the  fact  that,  in  the  general  sequence  of  events 
here  described,  its  extrusion  occiUTed  between  the  period  of  early 
Tertiary  erosion  and  the  long  period  of  base-leveling,  during  which 
part  of  the  Mohave  peneplain  was  formed.     (See  p.  59.) 

Omstal  movements  and  erosion, — Either  during  or  shortly  after  the 
extrusion  of  the  older  andesites  further  upUft  apparently  occurred  in 
western  Arizona,  followed  by  renewed  erosion,  which  carried  away 
much  of  the  andesite  and  again  exposed  the  granite.  The  Paleozoic 
sediments  that  formerly  extended  much  farther  to  the  west  were 
eroded  away  at  about  the  same  time  and  the  region  reduced  to  a 
I)eneplain,  parts  of  which  are  still  preserved  in  the  Truxton  Plateau 
and  in  the  plateau  lying  south  of  Iceberg  Canyon,  in  which  soft  and 
hard  layers  alike  are  truncated.  This  may  prove  to  be  a  part  of  the 
Mohave  peneplain  in  southwestern  Utah,  which  in  the  opinion  of 
Huntington  and  Goldthwaite''  was  formed  after  the  period  of  folding 
of  the  early  Miocene.*^ 

Certain  phenomena  described  by  SpiUT,**  from  Meadow  Valley  Can- 
yon, a  tributary  of  Virgin  River  in  southern  Nevada,  strengthen  this 
supposition.  He  describes  a  succession  of  rocks  very  similar  to  those 
found  in  northwestern  Arizona.  Extensive  beds  of  rhyolite  rest  on 
an  eroded  surface  of  older  rocks  and  are  overlain  by  extensive  depos- 
its of  conglomerate  and  soft  sandstone  which  he  refers  with  a  query 
to  the  Pliocene,  and  these  in  turn  are  overlain  by  basalt  and  Pleisto- 
cene gravel.  His  description  of  the  PUocene  (?)  conglomerate  and 
its  }>osition  in  the  sections  given  indicate  that  it  is  probably  equivalent 
to  the  Temple  Bar  conglomerate,  which  is  liere  regarded  as  Pleisto- 
cene. Fig.  16  of  Spurr's  paper  shows  faulted  Paleozoic  sediments 
pcMioplaned  and  overlain  by  the  conglomerate.  Tliis  faulting  may 
prove  to  l)e  part  of  the  early  faulting  of  the  Plateau  region,  and  the 
peneplain  l)eneath  tlie  conglomerate  to  be  part  of  the  Mohave  pene- 
])hiin,  in  wliich  case  the  relations  in  Meadow  Valley  Wash  would 

"ITuntington.  Ellsworth,  and  Goldthwaitc,  J.  W..  The  lliirricano  fault  in  the  ToquervUle  district, 
Utah:   Bull.  Mus.  Comp.  Zool.  Harvard  Coll.,  vol.  42,  1904,  p.  217. 

^  Idorn.  p.  226. 

c  Idrin,  p.  222. 

''Spiirr,  J.  K..  l)<»poriptivo  geology  of  Nevada  south  of  the  fortieth  parallel  and  adjacent  portions  of 
('jilifoniia:   Hull.  V.  S.  Cteol.  Survey  No.  2()S.  1903.  pp.  l.'»-148. 
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correspond  with  those  found  in  the  Plateau  region  and  would  form 
another  link  in  the  chain  of  evidence  that  the  pre-Quatemary  course 
of  Colorado  River  was  through  southern  Nevada,  to  the  north  of  the 
present  canyon. 

Eruption  of  rhyolite  and  younger  andesite, — ^After  the  formation  of 
the  peneplain,  extensive  masses  of  rhyolite  and  andesite,  in  the  form 
of  tuff,  breccia,  and  flow,  were  spread  over  its  surface,  filling  the 
depressions  and  covering  all  but  the  higher  parts  of  the  land  surface. 
Although  largely  removed  by  later  erosion,  these  lavas  still  cover 
wide  areas,  such  tis  Black  Mesa,  a  large  part  of  the  Truxton  Plateau, 
and  the  mesa  in  the  vicinity  of  Kingman.  These  lavas  occur  also  to 
the  east  beyond  the  area  described,  and  far  to  the  south,  where  they 
form  Castle  Dome  and  the  Chocolate  Mountains  in  southwestern 
Arizona. 

In  places  where  the  rhyoUtes  and  younger  andesites  occur  in  more 
or  less  regular  horizontal  beds,  as  near  Kingman  and  in  Black  Mesa, 
they  have  a  maximum  thickness  of  about  3,000  feet.  In  more  moun- 
tainous regions,  as  at  the  southern  end  of  the  Aquarius  Moimtains, 
they  are  apparently  thicker.  In  other  places,  notably  in  the  Truxton 
Plateau,  they  thin  and  disappear.  The  thickness  of  the  rhyolites 
and  yoxmger  andesites,  and  their  areal  distribution,  indicate  that 
they  originally  covered  a  large  part  of  northwestern  Arizona. 

The  time  at  which  these  great  masses  of  igneous  rock  were  extruded 
is  not  definitely  known.  It  was  after  the  Mohave  peneplain  had  been 
formed,  at  least  in  large  part,  for  the  lavas  rest  upon  the  eroded  siu*- 
face.  Furthermore,  the  amount  of  erosion  wliicli  followed  the  extru- 
sion of  these  lavas  places  tliis  event  far  back  in  the  Tertiary.  For 
these  reasons,  and  because  of  the  evidence  tliat  tlie  close  of  tlie  Mio- 
cene was  a  time  of  mountain  forming  and  of  great  volcanic  disturb- 
ance in  the  Great  Basin  and  the  moimtains  west  of  it,  the  extrusions 
of  rhyolites  and  younger  andesites  may  be  provisionally  referred  to 
the  close  of  the  Miocene. 

Formation  of  the  Grand  Wash  Trough. — Sometime  during  the  mid- 
dle Tertiary,  and  apparently  before  the  completion  of  the  Mohave 
peneplain,  the  Grand  Wasli  fault  was  formed,  witli  a  displacement  of 
several  thousand  feet,  giving  rise  to  the  Grand  Wasli  Trougli.  Tliis 
faulting  probably  corresponds  to  the  early  displacements  of  the  Hur- 
ricane and  other  faults  described  by  Huntington  and  Goldtliwaite," 
and  should  not  be  confused  with  the  faulting  which  accompanied  the 
later  upUft  of  the  plateau. 

Deposition  of  the  Greggs  breccia, — At  the  nortli  end  of  the  region 
described  local  deposition  followed  the  extrusion  of  tlic  rliyolites  and 
younger  andesites.  These  sediments  in  the  vicinity  of  Temple  Bar 
lie  unconformably  beneath  the  Temple  Bar  conglomerate  and  consist 

a  Huntington,  Ellsworth,  and  Goldthwaitc,  J.  W.,  op.  cit.,  i».  22«'.. 
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mainly  of  angular  fragments  of  rhyolite,  but  otherwise  are  similar  in 
character  and  stratigraphic  position  to  the  Greggs  breccia,  which,  as 
already  stated,  consists  mainly  of  granitic  debris.  Both  breccias 
antedate  the  present  course  of  Colorado  River,  which  has  eroded  into 
them.  This  correlation  would  tend  to  place  the  Greggs  breccia  in 
the  Pliocene.  On  the  other  hand,  the  physiographic  evidence  does  not 
seem  to  favor  this  correlation.  The  rhyolites,  supposed  to  have  been 
erupted  at  the  close  of  the  Miocene,  rest  upon  the  peneplain,  a  fact 
which  tends  to  place  the  breccia  in  the  Miocene.  It  is  evident,  there- 
fore, that  the  determination  of  the  age  of  the  Greggs  breccia  must 
await  further  investigation. 

Erosion  0/  the  DetritdlrSacrainerUo  VdUey. — ^A  long  period  of  erosion 
apparently  followed  the  rhyoUtic  eruptions  and  succeeding  accimiu- 
lation  of  breccia,  during  which  the  Detrital-Sacramento  Valley  was 
excavated.  Measiu'ed  from  the  original  surface  now  represented  by 
the  mesas  on  either  side,  this  valley  is  5  to  15  miles  wide  and  3,000 
feet  deep,  including  the  gravel  filling.  It  extends  from  southern 
Nevada  southward  to  WilUams  River,  where  it  is  apparently  inter- 
rupted by  a  lava-covered  plateau,  but  its  real  continuity  is  shown  by 
the  gravel-filling  beneath  the  lava  (fig.  16,  p.  54).  From  the  plateau 
southward  it  is  occupied  by  Colorado  River  for  a  distance  of  75  miles, 
in  the  basin  known  as  the  Great  Colorado  Valley.  Owing  to  circum- 
stances beyond  the  writer's  control,  the  old  valley  was  not  traced 
south  of  this  basin.  It  may  be  pointed  out,  however,  that  at  the 
southern  end  of  the  basin  the  river  turns  abruptly  to  the  east  and 
passes  in  a  narrow  rock  canyon  througli  the  Chocolate  MouAtains. 
The  general  trend  of  the  old  valley  suggests  that  it  may  continue 
through  the  hills  west  of  Chocolate  Canyon,  or  perhaps  beneath  the 
lavas,  and  connect  watli  the  Gulf  of  Calfomia  (including  at  that  time 
the  Salton  Sink),  which  lies  southwest  of  the  Chocolate  Moxmtains. 

The  origin  of  the  Detrital-Sacramento  Valley,  although  a  matter 
of  great  interest,  can  not  be  fully  describod  until  more  information 
is  available.  It  is  in  a  region  of  profound  faulting  and  surface  warp- 
ing, and  may  have  originated  as  a  succession  of  depressed  areas. 
But  whatever  its  origin  it  is  ])olievcd  to  have  been  occupied  and 
greatly  modified,  if  not  wholly  formed,  by  a  stream  of  considerable 
size.     The  reasons  for  tliis  l)elief  are  as  follows: 

The  beds  of  volcanic  tuff,  breccia,  and  How  in  the  mesas  on  either 
side  are  composed  of  the  same  kinds  of  rock  and  are  so  disposed  as 
to  indicate  tliat  they  may  originally  have  been  coimected  across  the 
intervening  space.  The  width  of  the  valley,  5  to  30  miles,  as  com- 
pared with  its  Jength,  about  375  miles  (includnig  the  Great  Colorado 
Valley),  together  with  its  somewhat  sinuous  course,  accords  more 
nearly  with  tlie  conception  of  a  moderately  mature  river  valley  than 
with  a  succession  of  downthrown  areas.     But  perhaps  the  strongest 
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argument  in  favor  of  its  formation  mainly  by  river  erosion  is  the 
presence,  throughout  its  length,  of  sands  and  gravels  similar  to  those 
known  to  have  been  deposited  by  aggrading  streams. 

Relation  of  Colorado  River  to  the  DetritalnSacramento  VaUey. — The 
influence  of  Colorado  River  has  not  been  considered  thus  far  for  the 
reason  that  no  clear  evidence  has  been  obtained  of  its  presence  within 
the  area  described.  The  erosion  previously  accomplished  may  have 
been  the  work  of  the  Colorado,  or  may  have  been  accomplished  by 
streams  now  extinct.  But  with  the  erosion  of  the  Detrital-Sacra- 
mento  Valley  the  recorded  history  of  the  Colorado  in  western  Arizona 
apparently  begins.  The  river  changed  its  course  within  the  area 
described  during  Quaternary  time,  and  there  are  indications  that 
still  greater  changes  occurred  in  late  Tertiary  time;  but  in  order  to 
determine  the  nature  and  extent  of  the  changes,  it  w^ould  be  necessary 
to  examine  a  large  part  of  the  Plateau  region,  where,  on  account  of 
recent  faulting,  uplift,  and  subsequent  erosion,  the  investigation 
would  be  difficult.  There  was  apparently  no  great  difference  in 
elevation  between  the  Basin  region  and  the  southern  part  of  the 
Plateau  region  during  mid-Tertiary  time,  the  Mohave  peneplain 
extending  continuously  over  both.  The  evidence  of  peneplanation 
in  the  Meadow  Valley  and  in  the  Toquerville  region,  and  the  general 
trend  of  the  broad  valley  of  the  Virgin  heading  into  this  region, 
suggest  that  the  Colorado  may  have  flowed  across  what  is  now  the 
Plateau  region  to  the  north  of  its  present  course  and  through  the 
valley  now  occupied  by  the  lower  part  of  the  Virgin  into  western 
Arizona,  where  it  excavated  the  Detrital-Sacramento  Valley.  A  large 
part  of  Tertiary  time  must  have  been  consumed  in  eroding  this  great 
valley.  If  the  formation  of  the  peneplain  be  correctly  assigned  to 
the  Miocene,  and  the  extrusion  of  the  rhyolites  and  younger  andesites 
to  the  close  of  this  epoch,  the  erosion  of  the  Detrital-Sacramento 
Valley  must  have  been  accomplished  in  the  Pliocene. 

Uplift  of  the  plateau. — The  Plateau  region  seems  to  have  been 
not  notably  higher  than  the  area  west  of  it  until  the  end  of  the  epoch 
during  which  the  Detrital-Sacramento  Valley  was  excavated.  But 
at  this  time  it  was  greatly  elevated  and  faulted.  Extensive  dis- 
placements occurred  along  its  western  border,  forming  the  Grand 
Wash,  Cottonwood,  and  Aquarius  clifTs.  Pro])a])ly  the  tilting  of 
the  great  crust  blocks  like  that  of  the  Hualpai  Mountains  occurred 
about  the  same  time.  The  block  at  Iceberg  Canyon,  previously 
upturned,  was  again  tilted,  together  with  the  overlying  Greggs 
breccia.  The  Cerbat  Mountains  were  probably  uplifted  to  some 
extent,  but  the  principal  movement  there  seems  to  have  been  down- 
ward, forming  Hualpai  Valley.  About  the  same  time  flows  of 
basalt  occurred  in  the  Detrital-vSacramento  Valley  west  of  Chloride, 
in  the  Cerbat  ^lountains,  and  elsewhere,  which  may  antedate  the 
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criistal  movements  or  may  have  occurred  as  accompaniments  of  the 
initial  movements  and  later  have  been  tilted  to  their  present  position. 

Effect  of  uplift  on  Colorado  River. — The  lines  of  faulting  and  the 
axes  of  uplift  were  developed  across  Colorado  River  and  no  doubt 
materially  changed  its  course.  Whatever  this  may  have  be«n 
previously,  the  uplift  of  the  plateau  finally  established  its  direction 
by  causing  it  to  erode  the  Grand  Canyon.  In  the  low-lying  region 
west  of  the  plateau  the  river  flowed  across  the  Grand  Wash  Trough, 
previously  filled  with  the  Greggs  breccia,  across  the  truncated  edges 
of  the  upturned  sediments  now  exposed  in  Iceberg  Canyon,  across  a 
second  debris-fdled  trough  near  Hualpai  Wash,  through  the  crystalline 
rocks  of  the  Virgin  Mountains,  and  into  the  previously  formed  Detrital- 
Sacramento  Valley,  which  it  apparently  followed  thence  to  the  sea. 

The  reasons  previoush^  given  in  the  detailed  descriptions  for 
believing  this  to  be  the  river's  former  course  may  be  briefly  sum- 
marized as  follows:  Boulder  and  Black  canyons  west  of  the  Detrital- 
Sacramento  Valley  are  apparently  younger  than  Virgin  and  Iceberg 
canyons.  Renmants  of  the  Temple  Bar  conglomerate,  which  occurs 
tyi)ically  as  the  fdling  of  the  Detrital-Sacramento  VaUey,  are  found  in 
Virgin  and  Iceberg  can^'ons  in  positions  that  indicate  deposition 
after  these  canyons  were  eroded;  no  such  occurrence  was  observed 
in  the  canyons  west  of  the  Detrital-Sacramento  Valley.  There  are 
gravel  formations  similar  to  the  Temple  Bar  conglomerate  west  of  the 
Black  Mountain  range,  but  they  were  apparently  deposited  previous 
to  the  erosion  of  BouldcT  and  Black  canyons. 

QUATERNARY  (?)  EVENTS. 

First  canyon  cutting. — During  the  first  epoch  of  erosion  that 
followed  the  uplift  of  the  plateau  Colorado  River  eroded  Grand 
Canyon  to  a  depth  of  5,000  feet  or  more  beneath  the  Mohave  pene- 
])lain.  West  of  the  plateau  it  cut  to  a  depth  of  somewhat  more  than 
1,400  feet  beneath  this  plain  in  Iceberg  and  Virgin  canyons.  The 
erosion  in  the  Detrital-Sacramento  Valley  was  probably  correspond- 
ingly great,  but  little  is  known  of  this  on  account  of  the  detrital 
filling  of  the  valley  which  has  not  been  removed. 

The  reasons  for  departing  from  the  usage  of  former  WTiters  who 
assign  tlie  erosion  of  Grand  Canyon  to  late  Tertiary  time  are  twofold: 
First,  tlie  Temple  Bar  conglomerate,  deposited  immediately  after  the 
first  epoch  of  canyon  cutting,  is  regarded  as  a  Quaternary  deposit  for 
reasons  stated  in  the  section  next  following:  second,  the  crustal 
(listiir])ances  resulting  in  the  elevation  of  the  plateau  and  the  erosion 
of  the  Grand  Canyon  were  of  sucli  magnitude  and  far-reaching 
influence  in  efTecting  radical  changes  in  the  geography  and  geologj' 
of  the  region  that,  considering  this  region  alone,  without  reference  to 
(established  subdivisions,  they  appropriately  constitute  the  separation 
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between  two  great  periods  of  time.  Since,  therefore,  the  canyon 
cutting  followed  the  uplift,  it  falls  into  the  later  or  Quaternary 
period. 

Deposition  of  the  Temple  Bar  conglomerate, — ^Af ter  the  canyon  had 
been  eroded  to  something  like  its  present  depth  some  change  occurred 
which  caused  the  river  to  deposit  sand  and  gravel  from  Grand  Canyon 
to  the  Gulf  of  California.  Between  the  mouth  of  the  canyon  and  the 
Detrital-Sacramento  Valley  no  great  volume  of  the  gravels  accumu- 
lated, owing  to  the  limited  dimensions  of  that  part  of  the  valley; 
but  in  the  broad  Detrital-Sacramento  Valley  extensive  deposits 
were  laid  down  to  a  depth  of  something  like  2,000  feet. 

Similar  deposits  were  formed  in  other  valleys  of  the  Southwest, 
and  the  low -lying  interstream  areas  were  built  up  with  angular 
rock  debris  derived  from  the  near-by  mountains.  As  previously 
described,  the  detrital  formations  of  various  parts  of  the  Territory 
can  not  be  definitely  correlated,  but  beds  apparently  equivalent  to  the 
Temple  Bar  conglomerate  are  found  throughout  the  Southwest. 

During  this  epoch  of  deposition  numerous  volcanic  eruptions 
occurred.  Sheets  of  basalt  underlie  the  gravels  in  s(»me  places  and 
in  others  are  included  within  them  at  several  horizons.  Toward  the 
close  of  the  epoch  eruptions  occurred  near  the  mouth  of  Williams 
River,  the  molten  basalt  bursting  upward  through  the  filling  of  the 
Detrital-Sacramento  Valley  and  spreading  over  its  surface  to  a  depth 
of  800  feet  or  more,  apparently  forming  a  volcanic  dam.  This  sheet 
has  since  been  greatly  eroded  and  its  original  extent  has  not  been 
determined.  Lava  hills  nortli  of  Williams  River  having  the  appear- 
ance of  volcanic  necks  suggest  that  the  center  of  eruption  and  the 
real  obstruction  across  the  valley  may  have  been  between  the  Mohave 
Mountains  and  the  Aubrey  Hills,  the  sheet  of  compact  lava  south  of 
Williams  River  being  an  outflow  from  tliis  center. 

A  dam  800  feet  high  thrown  across  Colorado  River  at  tliis  place 
would  have  created  slack-water  conditions  not  only  throughout 
the  entire  length  of  the  Detrital-wSacraniento  Valley,  but  far  into 
Grand  Canyon,  and  must  have  facilitated  tlie  deposition  of  sand  and 
gravel,  which  had  previously  accumulated  in  the  valley  to  a  depth  of 
about  1,000  feet.  The  altitude  of  the  basalt  slieet  does  not  differ 
greatly  from  that  of  the  aggraded  floor  of  the  Detrital-Sacramento 
Valley  to  the  north,  and  of  the  sand  and  gravel  renmants  found  far 
above  the  river  in  the  walls  of  Virgin  (^anyon.  Deposition  of  sand 
and  gravel  apparently  continued  long  after  the  extrusion  of  these 
lavas,  filling  the  Detrital-Sacramento  A'allev  to  a  level  corresponding 
to  the  surface  of  the  lava  sheet,  an  additicmal  depth  of  about  800  feet. 

It  is  probable  that  the  volcanic  dam  did  not  at  once  divcMt  the 
river  from  its  former  course  through  the  D(»trital-Sacrani(»nt()  Valley, 
for  the  upper  part  of  the  valley  filling,  so  far  as  obsc^ived,  does  not 
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differ  in  physical  character  from  the  lower  1,000  feet,  which  is  pre- 
sumably a  liver  deposit.  The  coarseness  of  the  sediment  and  the 
absence  of  terraces  along  the  margin  are  unfavorable  to  the  supposi- 
tion that  the  valley  was  transformed  into  a  lake  separated  from  the 
river.  It  is  more  probable  that  the  water  of  the  river  continued  to 
flow  through  the  temporary  lake,  filling  it  rapidly  with  sediment  or 
even  building  above  the  level  of  the  dam  before  being  finally  deflected 
from  its  former  course.  A  general  view  of  the  aggraded  valley  floor 
and  its  relation  to  the  neighboring  hills  is  shown  in  Pi.  XI. 

While  accumulation  was  going  on  in  the  Detrital-Sacramento 
Valley  other  valleys  and  basins  were  filling  with  sediment.  The  Big 
Sandy,  probably  flowing  at  that  time  west  of  the  Artillery  Mountains 
and  through  the  Cactus  Plains  to  the  Colorado,  was  evidently  build- 
ing up  its  course,  and  the  Hualpai  Valley,  probably  at  first  a  lake 
basin,  was  filling  with  sediment.  Briefly  stated,  it  is  probable  that 
the  Temple  Bar  conglomerate  is  a  part  of  the  widespread  accumulation 
which  occupies  the  low  places  of  the  Southwest  from  central  New 
Mexico  to  California  and  northward  over  the  entire  basin  region. 
The  probabilitjr  that  sedimentation  over  a  wide  area  was  due  to  a 
single  far-reaching  cause  or  group  of  causes  constitutes  one  of  the 
principal  reasons  for  correlating  the  Temple  Bar  conglomerate  with 
the  I^ake  Bonneville  beds  and  less  confidently  with  the  Gila  con- 
glomerate. It  is  not  the  author's  intention  to  argue  that  these  beds 
are  c^xact  equivalents.  They  apparently  belong,  however,  to  a  single 
division  of  time,  like  the  Pleistocene  epoch  of  the  Quaternary. 

It  may  not  be  out  of  place,  furthermore,  to  reiterate  the  statement 
that  the  reconnaissance  surveys  were  inadequate  for  the  final  solution 
of  th(»  broad  problems  which,  on  account  of  their  local  bearing,  must 
of  nc^cessity  be  discussed.  The  age  of  the  Temple  Bar  conglomerate 
and  its  relation  to  other  similar  deposits,  the  changes  in  the  course 
and  activities  of  Colorado  River,  and  the  causes  of  these  changes, 
are  all  problems  to  be  finally  solved  only  after  much  more  extended 
investigation. 

River  divers^ion, — The  extensive  aggradation  caused  some  of  the 
streams  to  abandon  their  old  courses,  and  the  sand  and  gravel  filling 
the  valleys  were  in  some  cases  covered  with  angular  wash.  A  not- 
able occurrence  of  the  diversion  of  a  river  and  the  burial  of  its  gravels, 
in  the  wSalt  River  Valley,  has  been  described  by  the  writer,"  who  shows 
that  Salt  River,  which  now  flows  north  of  the  Salt  River  Mountains, 
fonnerly  joined  the  Gila  east  of  these  mountains,  about  40  miles 
farther  upstream. 

(\j>l()rad()  River  left  the  Detrital-Sacramento  Valley  and  estabUshed 
a  ncnv  course  west  of  the  Black  Mountain  Range,  from  Boulder  Canyon 

ft  l^'o,  W.  T..  rndcrground  waters  of  Salt  River  Valley.  Arizona:  Water-Siipply  Paper  U.  8.  Qeol. 
Survey  No.  130,  lUOo,  pp.  12.')-127. 
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to  the  mouth  of  WiUiams  River,  a  distance  of  about  125  miles.  This 
diversion  may  have  been  due  in  part  to  the  volcanic  dam  which  had 
been  thrown  across  the  Detrital-Sacramento  Valley  near  WilUams 
River;  or  it  may  have  been  caused  wholly  by  the  normal  deflection 
of  the  river  over  the  aggrading  surface — an  action  well  illustrated  in 
the  frequent  changes  of  course  over. the  flood  plains  and  delta  of  the 
Colorado  at  the  present  time.  It  is  noteworthy  in  this  connection 
that  the  volcanic  dam  near  Williams  Canyon,  the  highest  remnants  of 
the  detrital  beds,  and  the  mountain  ridges  through  which  the  river 
cut  at  Boulder  and  Black  canyons,  do  not  differ  greatly  in  altitude. 

Second  canyon  cutting, — A  second  epoch  of  canyon  cutting  was 
brought  about  by  some  change  which  caused  the  streams  throughout 
the  Southwest  to  erode  their  channels.  The  streams  which  had  not 
been  deflected  from  their  former  courses  reexcavated  their  old  valleys; 
those  that  had  been  deflected  cut  new  canyons.  Colorado  River 
reexcavated  its  old  valley  from  Grand  Canyon  westward  to  the 
Detrital-Sacramento  Valley,  where  it  left  its  former  course,  passing 
westward  across  the  Black  Mountain  Range  and  thence  southward  to 
the  mouth  of  Williams  River,  where  it  returned  to  the  old  valley 
which  it  now  occupies. 

Viewed  from  the  standpoint  of  existing  topography,  a  more  diffi- 
cult course  could  scarcely  have  been  selected.  Instead  of  reexca- 
vating  the  Detrital-Sacramento  Valley,  where  the  only  hard  rock  to 
be  eroded  was  the  volcanic  dam,  it  eroded  four  rock  canyons  (Boulder, 
Black,  Mohave,  and  Aubrey)  and  crossed  four  debris-filled  basins 
(Las  Vegas,  Cottonwood,  Mohave,  and  Chemehuevis)  before  return- 
ing to  its  former  course.  The  excavation  of  the  detritus  in  the  basins 
was  naturally  more  rapid  than  the  work  in  the  hard  rock  of  the  ridges 
separating  them,  and  the  result  is  the  conspicuous  alternation  of 
short,  sharp  canyons  and  basin-like  valleys  characteristic  of  lower 
Colorado  River. 

During  this  epoch  the  downcutting  was  apparently  veiy  rapid,  the 
rock  canyons  being  narrow,  their  walls  rising  abniptly  from  th(» 
water's  edge,  as  in  Black  Canyon  (PI.  VIII,  B)  and  in  Boulder  Can- 
yon. The  rapidity  of  the  downcutting  is  perhaps  most  strikingly 
shown  where  the  river  has  cut  through  the  Temple  Bar  conglomerate, 
as  at  Temple  Bar,  leaving  the  poorly  consolidated  gravels  standing  in 
perpendicular  cliffs  hundreds  of  feet  liigh.  (See  Pis.  II  and  VIII,  A.) 
The  occurrence  of  these  high  cliffs  of  unconsolidated  gravel  and  the 
absence  of  extensive  weathering  are  not  wholly  in  accord  with  the 
suggestion  that  the  change  from  the  aggrading  to  the  degrading  con- 
dition of  the  river  was  due  entirely  to  a  change  of  climate. 

Deposition  of  Chemehuevis  gravel. — Some  influence  not  certainly 
known  brought  the  second  epoch  of  erosion  to  a  close  and  caused 
Colorado  River  and  other  streams  of  the  Southwest  again  to  fill  theii: 
48004— Bull.  352—08 5 
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valleys  with  sand  and  gravel.  The  open  basms  which  had  been 
excavated  along  the  Colorado  while  the  canyons  were  being  cut  in 
the  harder  rock  were  filled  to  a  depth  of  several  hundred  feet  with 
material  which  has  been  called  the  Chemehuevis  gravel,  and  which 
extends  from  the  mouth  of  Grand  Canyon  to  the  Gulf  of  California. 
In  the  midst  of  this  epoch  some  change  occurred  which  caused  the 
accumulation  of  coarser  material  in  the  vicinity  of  Bull  Head.  This 
change,  however,  may  have  been  local,  aa  the  division  into  lower  and 
upper  gravels  is  not  conspicuous  in  other  places,  so  far  as  observed. 

During  the  accumulation  of  the  Chemehuevis  gravel  Colorado  River 
evidently  shifted  its  course  within  narrow  limits  over  the  aggrad- 
ing valley  floor,  as  it  had  done  over  a  much  wider  area  during  the 
accumulation  of  the  Temple  Bar  conglomerate. 

Third  canyon  cutting, — ^When  the  river  again  began  to  erode  its 
channel  it  reexcavated  for  the  most  part  the  old  valley,  but  in  a 
number  of  places  abandoned  its  former  course  and  cut  rock  gorges, 
leaving  the  gravel-filled  channel  at  one  side,  as  in  Cottonwood  Valley 
(p.  37),  Pyramid  Canyon  (p.  38),  Mohave  Canyon  (p.  42),  and 
Chocolate  Canyon  (p.  48). 

For  a  third  time  the  river  eroded  to  some  unknown  depth  below  its 
present  bed.  Borings  to  a  maximum  depth  of  about  200  feet  at  the 
dam  sites  of  the  Reclamation  Service  failed  to  penetrate  through  the 
gravels. 

Formation  of  fiood  plains. — In  very  recent  geologic  time  Colorado 
River  changed  again  from  a  degrading  to  an  aggrading  stream,  and  is 
once  more  building  up  its  course.  In  the  broad  parts  of  the  valley 
the  accumulation  is  evidenced  by  the  wide  bottom  lands  over  which 
the  river  frequently  changes  its  course,  sometimes  gradually  by 
lateral  cutting  and  filling,  and  sometimes  suddenly  by  cutting  a  new 
channel  during  a  flood,  forming  numerous  sloughs,  lagoons,  and 
oxbow  lakes. 

The  great  depth  of  the  debris-filled  channels  within  the  newest 
canyons,  as  showTi  by  the  soundings  for  bed  rock,  raises  the  question, 
What  proportion  of  the  depth  should  be  attributed  to  the  normal 
cutting  of  the  river  and  what  proportion  to  permanent  filling? 

Cooley"  shows  that  Missouri  River  at  Nebraska  City  probably 
erodes  its  bed  to  a  depth  of  70  to  90  feet.  Near  Omaha  the  depth  of 
scour  and  fill  during  the  year  1883  amounted  to  about  40  feet.  On 
this  subject  Chamberlin  ^  remarks :  '^In  the  drift-filled  bottoms  of 
the  great  branches  of  the  Mississippi  system  it  is  wholly  within  bounds 
to  regard  at  least  the  upper  40  or  50  feet  of  the  deposit  over  which  the 

'iReiKut  Chief  Eng.  I'.  S.  A.  for  1879-80.  pt.  2,  pp.  10^0-1071.    Sec.  also  Chamberlin  and  Salisbuiy, 
Tt'xt  Book  of  Geology,  vol.  1,  p.  185. 
i*  Chamberlin,  T.  C,  Jour.  Geol.,  vol.  11, 1903,  p.  72. 
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river  meanders  as  subject  to  scour  and  fill,  and  to  entertain  the  sug- 
gestion that  the  deeper  portions  down  to  100  feet  or  more  may  be 
similarly  aflfected." 

Some  instructive  data  were  secured  during  the  construction  of 
bridges  across  Mississippi  and  Missouri  rivers.  N.  M.  Fenneman" 
has  made  a  special  study  of  this  subject  and  states  that  the  depth  of 
scour,  as  shown  by  the  occurrence  of  buried  wreckage  and  also  by 
direct  soundings,  is  100  feet  or  more,  and  that  the  occurrence  of 
gravels  resting  oh  freshly  polished  rock  at  a  maximum  depth  of  about 
335  feet  is  interpreted  as  showing  that  the  river  transports  gravels  of 
considerable  size  and  actively  erodes  its  bed  to  this  great  depth.  It 
seems  possible,  however,  that  some  part  of  this  material  may  be  due 
to  permanent  filling  in  a  glacial  or  preglacial  valley,  such  as  are  known 
to  exist  in  the  Mississippi  Valley. 

It  is  probable  that  the  depth  to  bed  rock  shown  by  the  soundings 
at  the  various  dam  sites  is  largely  due  to  the  normal  action  of  the 
river,  cutting  deep  in  times  of  flood  and  filling  the  channel  at  times  of 
low  water.  It  is  equally  probable,  however,  that  the  channel  is  to 
some  extent  permanently  filled. 

r6sum6  of  history. 

For  convenience  of  reference,  the  succession  of  epochs  and  their 
possible  time  relations  are  tabulated  below. 

Table  of  events  in  ijeologic  history  in  urster/i  Arizona. 


I 
Pctriod.        Epoch. 


Deposition  epoch. 


Erosion  ei)OCh. 


/Recent. 


Pleistocene . 


If 


Iliocene. 

Miocene . 
Eocene.. 


Formation  of  flood  plains;  aocn- 
mulation  still  in  progress. 

lloju venation    of   streams;  <.'oIorado 

rw'xcavates  old  valley  in  part  and 
cuts  several  short  rock  goi^s. 
9.  LH?|)08ition    of    th<r    Chcmehucvis 
gravel. 

8 ,  Ueiuvenation    of    streams;  Colorado 

'      Iliver,  flowing  west  of  th<»  Black 
Mountains,  lowers  its  l)ed  2,000  ft^t 
or  more  and  cuts  Aubrey,  Mohave, 
Black,  and  Boulder  canyons. 
Widespread  aggradation  and  vol- 
canic   eruption.      About    2.000 
feet    of    the  Temple   Bar   con- 
glomerate deposited. 
6 rplift  of  the  Colorado  I'lateau;  ero- 
sion of  Grand  Canyon;  flow  of  Colo- 
rado River  in  the  Detrital-Sacra- 
mento  Valley. 


4.  Local     deposition;     eruption     of 

rhyolite  and  andesite. 
3 


2.  Eruption  of  andesite. 


-?- 


Erosion  of  the  Detrital-Sacramento 
and  other  valleys. 


Peneplanation  and   n*cessioii  of  the 
Yampai  ClifTs. 


General  degradation. 


a  Personal  communication. 
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CORRELATIONS. 

Explanaiory  statements, — Although  no  defmite  correlations  can  be 
made  between  the  products  of  deposition  and  erosion  of  this  and  other 
regions,  there  are  certain  presumptions  worthy  of  consideration.  The 
succession  of  Quaternary  events  in  western  Arizona  is  similar  to  that 
of  the  Lake  Bonneville  and  other  inland  regions,  and  the  long  epochs 
of  erosion  and  thick  deposits  of  sediment  represent  comparable  lengths 
of  time  for  each  region.  Western  .Arizona  is  a  part  of  the  great  area 
of  western  America  which  underwent  extensive  changes  of  elevation 
during  Tertiary  and  Quaternary  time,  the  various  epochs  of  which 
were  recorded  in  marine  deposition  and  erosion  along  the  Pacific 
coast.  Since  western  Arizona  is  a  part  of  the  Pacific  drainage  area, 
altliough  far  inland,  it  is  presumably  true  that  the  great  epochs  of 
the  coast  correspond  in  some  measure  with  the  great  epochs  of  the 
interior,  inasmuch  as  the  thick  marine  deposits  must  represent  long 
periods  of  erosion  of  the  land  areas. 

Comparison  with  LaTce  Bonneville  MMory, — In  his  summary  of  the 
history  of  the  Lake  Bonneville  oscillations  Gilbert "  enumerates  the 
following  events,  given  in  order  from  oldest  to  youngest: 

1.  Erosion.  Gilbert  says:  '^This  we  may  call  the  pre-Bonneville 
low-water  epoch.  It  was  of  great  duration  compared  with  those 
enumerated  below.'' 

2.  Deposition.  First  Bonneville  epoch  of  high  water;  deposits  of 
Yellow  Clay.  This  epoch  is  estimated  (p.  316)  as  being  five  times 
an  long  as  the  second  epoch  of  deposition  (4). 

'A.  Erosion.  Repn^scnted  by  imconformity  and  by  alluvial  deposits. 
The  duration  is  estimated  (p.  316)  as  greater  than  that  of  the  final 
retreat  of  the  water  (5). 

4.  Deposition.  Second  Bomieville  epoch  of  high  water;  deposit  of 
White  Mari. 

5.  Final  retreat  of  water,  intermittently,  to  present  stage. 

The  thickness  of  the  I^ake  Bomieville  beds  was  not  known  at  the 
time  of  Gilbert's  writings,  nor  is  their  maximum  thickness  yet 
(leterniined.  Boutwell  ^  has  sliow^i  that  a  2,()()0-foot  well  at  the 
eastern  margin  of  Salt  Lake,  near  Farmingtim  (altitude  4,231  feet), 
does  not  penetrate  through  the  fragmental  beds.  A  similar  thickness 
of  sediments  has  recently  been  found  in  a  deep  ])oring  at  Neels,  Utah 
(altitude  4,621  feet),  a  station  on  the  San  Pedro,  Los  Angeles  and 
Salt  Lake  Railroad  east  of  wSevier  Lake.  The  well,  which  was  com- 
pleted in  1906,  is  1,91)8  feet  deep  and  i)enetrates  1,944  feet  of  sedi- 
mentary matter  ])ef{)re  reaching  bed  rock,  which  is  granit**. 


"  (iillMTt,  (J.  K.,  Ljiko  Honiiovillr:  Mon.  U.  S.  (it'ol.  Siirv«'y.  vol.  1,  1S9<),  p.  259. 

'•Hoiitwoll,  J.  M.,  Oil  and  asphalt  pn>si)€C'ts  in  Salt  Lake  basin.   Bull.  U.S.  Gool.  Survey  No.  2tt), 
1904,  p.  -171. 
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A  driller's  record,  which  was  apparently  kept  with  exceptional  care, 
exhibits  no  change  in  character  to  indicate  that  the  lower  part  of  the 
beds  are  pre-Bonneville  in  age.  It  is  worthy  of  note  that  Neels  is 
located  in  the  narrow  neck  of  Lake  Bonneville  that  connected 
Escalante  Bay  with  the  larger  body  of  water  to  the  north,  as  shown 
in  Gilbert's  map  (PL  III  of  the  Lake  Bonneville  monograph).  It  is 
probable  that  the  broader  parts  of  the  lake  were  much  deeper  than 
this  narrow  strait,  and  that  the  sediments  filling  them  were  corre- 
spondingly thicker. 

Because  of-  the  importance-  of  this  well  in.  showing  the  character 
and  depth  of  the  Lake  Bonneville  sediments,  the  driller's  record  is 
here  given: 

Record  of  San  Pedro  j  Los  Angeles  and  Salt  Lake  Railroad  veil  at  Neels,  Utah, 


Surface  soil 

Sedimentary  (alkali) 

Fire  clay 

Water-bearing  quicksand 

Shale  and  aoapstone 

Rock  (sedimentary) 

Water-bearing  quicksand 

Soapetone 

Soapetone  with  foHRil  bowlders. 

Water-bearing  quicksand 

Fire  clay 

Blue  waxy  clay 

Gray  ahale  and  clay  mixed 

Gray  waxy  clay 

Lava  rock 

Blue  waxy  clay 

Sedimentary  sandstone 

Blue  waxy  clay 

Water-bearing  quicksand 

Blue  waxy  clay 

Water-bearing  quicksand 

Sedimentary  sandstone 

Yellow  clay 

Water-bearing  quicksand 

Yellow  clay 

Blue  waxy  clay 

Yellow  clay 

Sedimentary  sandstone 

Blue  waxy  clay 

Soapstone 

Blue  waxy  clay 

Silt 

Water-bearing  quicksand 

Ydlowday 

Sedimentary  sandstone 


imcjc- 
nosa 
(feet). 

4 

Depth 
(feet). 

4 

5 

9 

40 

49 

9 

58 

21 

79 

6 

85 

3 

88 

11 

99 

39 

138 

4 

142 

12 

154 

34 

188 

7 

195 

3(> 

231 

12 

243 

12 

255 

6 

201 

25 

280 

6 

292 

28 

320 

7 

327 

10 

337 

IG 

353 

5 

358 

27 

385 

110 

495 

15 

510 

24 

534 

17 

551 

50 

001 

11 

012 

8 

020 

3 

(>23 

5:^ 

070 

12 

088 
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Thick- 
ness    Depth 
(feet),    (feet). 

Yellow  clay 34  722 

Blue  waxy  clay 117  839 

Yellow  clay 9  848 

Blue  waxy  clay 210  1, 058 

Blue  shale  (sand  mixed) 18  1, 076 

Blue  waxy  clay 13  1, 089 

Blue  shale 45  1, 134 

Blue  shale  (sand  mixed),  yielded  hot  water 71  1, 205 

Red  shale 12  1, 217 

Blue  shale 70  1, 287 

Red  shale 24  1,311 

Blue  shale 28  1, 339 

Red  " keel"  stone 6  1, 345 

Water,  sand,  gravel,  and  bowlders 70  1, 415 

Sedimentary  sandstone  (brown) 35  1, 450 

Red  sandstone 95  1, 545 

Red  shale  (burned) 35  1, 580 

Trap  rock  (dark  brown) 36  1, 616 

Red  shale  (burned) 56  1, 672 

Lava  rock  with  calcite  crystals 14  1, 686 

Red  sandstone 68  1,  754 

Red  clay  (sticky) 48  1, 802 

Volcanic  deposit,  ash,  and  bowlders 105  1, 907 

(Gas  under  pressure  sufficient  to  raise  6,200  pounds  of  tools  400  feet.) 

Bowlders  (cemented) 0  1, 913 

Cavity 9  1, 922 

Bowlders 22  1, 944 

Cavity 0  1, 960 

Granit(^  with  cavitios  and  t^jvs 48  1, 998 

1,998 

At  the  risk  of  carrying  comparisons  too  far,  attention  is  called  to 
the  possible  correspondence  between  the  Quaternary  epochs  of 
western  Arizona  and  those  of  the  Lake  Bonneville  basin.  The  high 
stages  of  Lake  Bonneville  have  been  explained  as  being  due  to  the 
changes  of  climate  toward  increasing  precipitation,  and  the  low- 
water  stages  toward  increasing  aridity.  Periods  of  great  precipitation 
(and  high  water  in  an  undrained  lake)  are  those  of  active  stream 
erosion,  and,  other  things  being  equal,  the  periods  of  sedimentation 
in  Lake  Bimneville  should  be  the  periods  of  stream  erosion  in  neigh- 
boring regions.  On  this  assumption  Gill)ert's  first  Bimneville  epoch 
of  high  water,  (hiring  which  2,000  feet  or  more  of  sediment  consisting 
hirgely  of  fine  nuiterial  was  (le])()sited,  seems  to  correspond  in  dura- 
tion and  ])()sition  in  the  time  scale  to  the  erosion  of  Grand  Canyon 
(e})()cli  6  of  the  Arizona  scale);  his  first  epoch  of  low  water,  to  the 
deposition  of  the  Temple  Bar  conglomerate;  his  second  Bonneville 
epoch  of  high  water,  to  the  erosicm  of  Black  and  Boulder  canyons 
(epoch  8  of  Arizona);  and  his  final  epoch  of  desiccation,  which  was 
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accomplished  intermittently,  to  the  deposition  of  the  Chemehuevis 
gravel  and  the  following  minor  epochs  represented  along  lower  Colo- 
rado River.  Whether  so  close  a  parallelism  of  events  is  warrantable 
or  not,  it  is  evident  that  the  general  sequence  of  events  as  recorded 
in  the  Bonneville  basin  is  similar  to  that  of  the  Colorado  Valley. 

Comparison  vdth  southern  California, — Hershey"  has  arrived  at  a 
conclusion  reg&rding  the  length  of  Quaternary  time  and  the  com- 
plexity of  its  history  which  is  similar  in  a  general  way  to  that  shown 
by  the  epochs  of  the  Bonneville  basin  and  of  western  Arizona.  Prob- 
ably the  most  significant  feature  of  his  subdivisions  in  relation  to  the 
phenomena  of  western  Arizona  is  a  long  epoch  of  erosion  at  the  begin- 
ning of  the  Quaternary,  which  in  his  opinion  is  much  longer  than  all 
the  subsequent  epochs  combined.  This  epoch  may,  on  further 
study,  prove  to  be  equivalent  in  point  of  time  to  the  erosion  of  Grand 
Canyon. 

Comparison  with  the  Pacific  coast — In  studies  of  the  marine  beds 
of  the  Pacific  coast,  Arnold  ^  shows  that,  while  the  epochs  of  the  Ter- 
tiary and  Quaternary  are  very  fully  represented,  the  subdivisions  do 
not  conform  in  all  cases  to  those  of  the  standard  time  scale.  The 
division  of  Tertiary  time  as  given  in  his  publications,  which  in  per- 
sonal interviews  he  asserts  will  hold  good  for  the  Pacific  coast  gener- 
ally, is  shown  in  the  following  table : 

Correlation  table  of  the  marine  Tertiary  and  Pleistocene  formations  of  the  Pacific  coast. 


Period. 

Epoch. 
Pleistmvne 

Formation.'" 
San  Pedro.  1,000  ±  feet. 
Merced.  5,000  ±  feet. 

OuAtftrnarv.. 

/Pliocone 

Transitional 

Purisima,  HOO  ±  fe<'t. 

TertUry 

Miocene 

Olij^ocene . . 

San  Pa])lo,  l/iOO  to  2,000  fwt. 
Monterey,  2..'>00  i-  feet. 

Vaqueros,  3,000  ±  fwt. 

,  San  Lorenzo,  2,300  ±  feet. 
Tejon,  4,000  ±  feet. 

Eocene 

1  Martinez,  1,000  to  2,000  feet. 

oHenibey,  O.  H.,  The  Quaternary  of  southern  California:  Bull.  Univ.  California  Dept.  Geol.,  vol.  3, 
1902,  pp.  1-30. 

»  Arnold,  Ralph,  The  Tertiary  and  Quaternary  iHictens  of  California:  Prof.  Papar  U.  8.  Geol.  Survey 
No.  47, 1906,  p.  9. 

«In  thia  coltmm  full  lines  represent  unconformity;  brolcen  lines,  conformity. 
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According  to  Arnold,  the  great  time  breaks  occurred:  (a)  At  the 
close  of  the  Eocene,  the  break  in  this  case  being  indicated  by  a  distinct 
change  of  fauna;  (b)  before  the  close  of  the  Miocene;  and  (c)  some- 
time during  the  Quaternary,  the  latter  two  being  erosion  breaks. 
It  seems  probable  that  the  long  periods  of  sedimentation  along  the 
Pacific  Coast  may  be  equivalent  in  a  general  way  to  the  periods  of 
quiet  erosion  described  in  western  Arizona,  and  that  the  great  and 
widely  recognizable  unconformities  of  the  coast  may  correspond  to 
the  periods  of  crustal  disturbances  and  volcanic  activity  of  the 
interior.  Thus  the  long  period  of  erosion  resulting  in  the  formation 
of  the  Mohave  peneplain  may  correspond  to  the  deposition  of  the 
Vaqueros  and  Monterey  formations,  and  the  eruptions  of  rhyolite  in 
Arizona  to  the  unconformity  between  the  San  Pablo  and  the  Mon- 
terey, which  is  associated  with  the  volcanic  eruptions  of  the  coast 
region. 

The  similarity  in  succession  of  Quaternary  events  in  the  two 
regions  is  not  striking.  Pleistocene  time  is  represented  on  the  coast 
by  thick  sediments  and  Recent  time  by  some  of  the  raised  sea  beeches. 
The  thickness  of  the  Pleistocene  sediments  renders  it  probable  that 
the  time  required  for  their  deposition  is  comparable  with  the  long 
])eriod  of  erosion  during  early  Quaternary  in  the  Arizona  region,  and 
the  relative  position  of  tliese  epochs  in  the  time  scale  apparently  war- 
rants ])rovisional  correlation.  The  terraces  of  the  coast  may  corre- 
spond in  time  with  the  various  epoclis  of  erosion  and  deposition  of 
the  Arizona  region. 

Comparison  with  the  Plateau  region. — In  the  Plateau  region  the  sub- 
division of  Tertiary  and  Quaternary  time  is  based  mainly  on  physio- 
gra])liic  evidence.  Davis "  has  sho^Ti  that  there  were  two  main 
cycles  of  erosion,  designated  the  plateau  cycle  and  the  canyon  cycle. 
During  the  first  or  plateau  cycle  a  large  area  in  northern  Arizona  and 
southern  Utah  was  reduced  to  a  peneplain.  The  original  surface  of 
this  peneplain  is  preserved  in  places  by  lava  flows,  as  on  the  Shiwitz 
Plateau  in  northern  Arizona  and  near  Toquerville,  Utah,*^  but  has 
generally  been  dissected  by  later  erosion.  The  peneplain  will  per- 
haps be  best  recognized — if  due  allowance  be  made  for  subsequent 
erosion — as  the  surface  of  the  plateau  in  which  Grand  Canyon  is 
eroded  in  northern  Arizona.  During  the  second  or  canyon  cycle 
Grand  Canyon  was  carved  by  the  Colorado,  and  the  peneplain,  now 
elevated,  was  dissected  to  a  less  extent  by  the  smaller  streams. 

Following  Davis,  Huntington  and  Goldthwaite  in  their  description 
of  tlie  Toquerville  region  of  southwestern  Utah  emphasize  the  impor- 
tance of  these  cycles  and  add  many  details  which  aid  in  studying 

n  Davis,  W.  M.,  An  excursion  to  the  Grand  Canyon  of  the  Colorado:  Bull.  Mus.Comp.  ZoCl.  Harvard 
Coll..  vol.  :i,s,  1901,  pp.  107-201. 

b  Huntington.  KllMworth,  and  Goldthwaite,  J.  W..  The  Hurricane  fault  in  the  Toquerville  district, 
Utali:  Bull.  Mus.Comp.  Zo61.  Harvard CoU.,  vol.  42, 1904,  p. 231. 
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the  geologic  historj''  of  the  Grand  (canyon  region.  The  succession  of 
Tertiary  and  Quaternary  events  described  l)y  them  may  ])e  sum- 
marized, in  order  from  oldest  to  youngest,  as  follows: 

1.  Eocene.  A  period  of  deposition  during  which  the  Plateau 
r^on  was  low. 

2.  A  period  of  elevation  accompanied  by  folding,  flexing,  and 
extrusion  of  andesite. 

3.  A  second  period  of  erosion — the  pre-fault  cycle. 

4.  Earlier  faulting,  during  whicli  the  great  faults  of  the  Plateau 
region,  such  as  Hurricane  and  Grand  Wash  faults,  were  originally 
formed. 

5.  Interfault  cycle  of  erosion,  during  which  the  Mohave  peneplain 
was  formed.  ^ 

6.  Later  faulting  and  final  uplift  of  the  High  Plateau. 

7.  Erosion  of  Grand  Canyon. 

The  history  thus  developed  corresponds  in  many  ways  with  that 
of  western  Arizona,  but  differs  notably  in  some  respects.  The  early 
Tertiary  erosion  in  western  Arizona  seems  to  correspond  in  time 
with  the  Eocene  sedimentation  of  the  plateaus,  and  eruptions  of 
andesite  marked  the  close  of  the  period  of  both  provinces.  There 
is,  furthermore,  no  disagreement  regarding  the  time  of  uplift  and 
faulting  immediately  preceding  the  erosion  of  Grand  Canyon,  but 
further  investigation  is  nec^ssaiy  before  tlie  subdivision  of  middle 
and  later  Tertiary  time  in  the  two  provinces  can  be  liarmonized. 
Apparently,  the  great  masses  of  rhyolite,  3,000  feet  thick  in  western 
Arizona  and  presumably  extruded  at  the  close  of  tlie  Miocene,  were 
not  found  in  southwestern  Utah,  and  the  long  period  of  erosion  which 
followed  their  extrusion,  presumably  during  Pliocene  time,  seems  to 
be  included  by  Huntington  and  Goldthwaite  in  the  time  during 
which  the  Mohave  peneplain  was  being  formed,  since  according  to 
them  this  cycle  of  erosion  ended  with  the  uplift  of  the  plateau  and 
the  origin  of  Grand  Canyon. 

Since  the  Mohave  peneplain  Ls  here  used  as  a  correlation  horizon, 
it  may  be  in  place  to  inquire  into  its  probable  extent.  As  already 
stated,  this  peneplain,  which  in  tlie  Plateau  region  of  southern  Utali 
and  northern  Arizona  is  represented  by  the  platform  at  the  top  of 
Grand  Canyon,  is  here  regarded  as  extending  generally  over  north- 
western Arizona.  A  similar  peneplain  has  been  described  by  Lind- 
gren*  in  the  Sierra  region  of  eastern  California,  where  he  finds  evi- 
dence of  an  extensive  peneplahi,  formed  presumably  during  the 
Miocene  and  covered  in  part  by  the  younger  auriferous  gravels,  and 
these  in  turn  by  rhyolites  and  andesites — a  sexjuence  which  corre- 
sponds with  that  in  northwestern  Arizona.     Other  localities  might 

•Llndgno,  Wftldemar,  Age  of  the  auriferous  gravels  of  the  Sierra  Nevada:  .Jour.  Geology,  vol.  .Vi, 
UM^pi».881-«M. 
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1)0  referred  to  in  which  mid-Tertiary  erosion  may  correspond  in  cime 
with  the  formation  of  the  Mohave  peneplain.  In  view,  however,  of 
the  great  distances  between  the  various  localities  described  and  the 
difficulties  of  correlating  periods  of  erosion,  the  most  that  can  be  said 
is  that  the  available  evidence  points  to  the  probability  that  the 
Mohave  peneplain  was  one  of  great  extent  and  may  prove  to  be  a 
valuable  means  of  correlation. 

WATER  SUPPLIES. 

SURFACE  WATERS. 
PRECIPITATION. 

Little  is  definitely  known  of  the  rainfall  in  western  Arizona.  Ac- 
cording to  E.  C.  Murphy,^  of  the  U.  S.  Geological  Survey,  the  average 
annual  precipitation  for  the  region  is  approximately  5  inches.  At 
Needles,  Cal.,  records  kept  by  the  Weather  Bureau  since  1892  show 
an  annual  mean  of  2.47  inches. 

EVAPORATION. 

Evaporation  in  western  Arizona  greatly  exceeds  rainfall.  No 
records  are  available  for  the  area  described,  but  it  probably  does  not 
differ  very  much  from  that  at  Yuma,  Ariz.,  where  the  annual  evapora- 
ti(m,  as  given  l)y  Murphy,  is  82.82  inches. 

STREAMS. 
COLORADO     RIVER. 

FIovK — A  gaging  station  has  recently  been  established  at  Hardy- 
villo,  near  old  Fort  Mohave,  for  measuring  the  flow  of  Colorado 
River.  Records,  however,  are  already  available  for  the  last  four 
years  at  Yuma,  Ariz.,  which  probably  give  most  satLsfactorily  the 
vohinie  carried  by  the  Iowcm- Colorado. 

I)lHrhir(jf  of  i'olonuio  Hlnr  nl    Yiiina,  Ariz. 
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11,329.032 
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27  30(1 

cruK"' 

A\ 

12.277.056 

16.947 

Irrigahle  hnuls. — ^ Although  a  large  amount  of  water  is  available  in 
Colorado  River,  the  irrigabh*  land  is  limited  in  amount  and  confined 
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to  the  flood  plains.     According  to  Homer  Ilandin,'*  of  the  Reclama- 
tion Sei^vice,  the  acreage  is  distributed  as  follows: 

Irrigable  Inrul  ahnuj  Cofnrndo  River. 

Acres. 

Cottonwood  Valley 5, 000 

Mohave  Valley 50,000 

Chemehuevis  Valley 20, 000 

Great  Colorado  Valley 200, 000 

Yuma  Valley 100, 000 

375,000 

The  ways  and  means  of  irrigating  these  lands  have  been  investi- 
gated by  the  Reclamation  Service,  but  except  for  the  Yuma  project, 
now  under  construction,  no  development  has  yet  been  undertaken. 

Outside  of  the  flood  plains  no  lands  within  the  area  described  are 
sufficiently  low  to  be  irrigated  from  the  river.  The  broad  valleys 
and  detrital  plains  occupying  so  large  a  part  of  the  region,  although 
admirably  adapted  to  agriculture  hi  other  respects,  are  too  high  to 
be  economically  supplied  with  water  from  Colorado  River  by  any 
means  known  at  the  present  time.  In  order  to  water  the  Hualpai  or 
Detrital  valleys  it  would  be  necessary  to  raise  the  water  of  the  river 
about  2,000  feet,  and  the  case  is  nearly  as  hopeless  for  the  valleys 
farther  south. 

Dam  sites. — Several  dam  sites  have  l)een  selected  along  Colorado 
River  l)y  the  engineei-s  of  the  Reclamation  Sc^-vice,  and  much  has 
been  done  in  the  way  of  investigation  as  far  north  as  the  (\)tton- 
woo<l  Valley.  Possible  dam  sites  occur  in  Chocolate  Canyon  (fig. 
13),  Aubrey  Canyon,  at  Bulls  Head  in  Pyramid  Canyon  (PI.  IX), 
and  at  Eagle  Rock  in  the  (^)tt()nwo()(l  Valley  (fig.  7).  In  none  of 
these  localities,  however,  has  bed  rock  been  found  sufficiently  near  the 
surface  to  warrant  the  construction  of  masoniy  dams.  In  Chocolate 
Canyon  borings  reached  the  depth  of  13S  feet;  in  Aubrey  Canyon, 
75  feet;  in  Pyramid  Canyon,  100  feet.  But  in  no  case  was  the  maxi- 
mum depth  of  the  old  gravel-filled  channel  reached. 

The  canyons  north  of  the  Cottonwood  Valley  ofl'er  excellent  oppor- 
tunities for  the  construction  of  dams,  but  little  has  been  done  further 
than  the  selection  of  certain  favorable  localities.  Several  have  l)een 
selected  by  the  Reclamation  Service,  and  others  by  private  compa- 
nies who  c<mtemplate  using  tlw  water  power  in  developing  the  min- 
eral resources  of  the  region.  The  (juestions  involved  are  mainly  of 
an  engineering  nature,  but  it  may  be  in  place  here  to  describe  certain 
geologic  conditions  that  are  likely  to  affect  development. 

In  Recent  time — the  last  epoch  described  under  ^'Geologic  his- 
tory"— the  river  has  l)een  filling  its  channel,  at  least  in  its  lower 
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roaches.  It  is  evident,  therefore,  that  even  in  the  newest  channels, 
su(»h  as  tliat  at  Bulls  Head,  bed  rock  is  not  to  l)e  expected  as  near 
the  surface  as  it  would  be  if  the  river  were  in  an  eroding  stage.  In 
Other  words,  it  is  probable  that  the  rock  channel  is  deeper  than  the 
maximum  depth  of  scour. 

The  flood-plain  deposits,  so  conspicuous  in  the  lower  reaches  of  the 
river,  become  less  conspicuous  upstream,  until  in  Black  Canyon  rapids 
of  notable  proportions  occur.  In  the  absence  of  soimdings  in  the 
channel  for  bed  rock  farther  north  than  Bulls  Head,  it  is  impossible 
to  say  that  the  channel  is  not  filled  in  the  northern  portion  of  the 
region  as  it  is  farther  south  where  soundings  have  been  made.  The 
swift  current  washes  the  fine  material  away  and  leaves  laige  bowlders 
clogging  the  channel  even  where  the  grade  of  the  river  is  steep  enough 
to  form  dangerous  rapids.  It  is  the  writer's  impression  that  the 
river  is  flowing  essentially  on  rock  bottom  through  Blackj  Boulder, 
Virgin,  and  Iceberg  canyons,  with  only  such  obstructions  of  bowlders 
as  are  incidental  to  variations  in  the  river's  power  of  transportation; 
in  other  words,  that  there  is  no  permanent  filling  in  the  bottom  of 
those  canyons. 

The  deflection  of  the  river  previously  described  has  resulted  in  the 
cutting  of  young  channels  in  many  places  for  short  distances,  as  at 
Eagle  Rock,  Bulls  Head,  Great  Bend,  etc.  It  is  in  these  young  chan- 
nels that  bed  rock  is  to  be  expected  at  the  least  depth.  The  relation, 
however,  to  the  old  d6bris-filled  channel  at  the  side  may  be  such  as 
to  influence  this  depth.  For  example,  at  Bulls  Head  the  depth  to 
bed  rock  in  the  channel  now  occupied  by  the  river  might  be  greater 
near  the  edge  of  the  old  channel,  owing  to  the  fact  that  the  new 
channel  might  coincide  with  some  lateral  wash  of  the  old,  while  north 
of  Bulls  Head  Rock,  midway  of  the  young  channel,  bed  rock  might 
be  much  nearer  the  surface.  The  depth  to  which  a  large  river  works 
is  known  to  be  great,  although  there  is  little  information  at  present 
to  indicate  the  maximum  depth  to  which  Colorado  River  works.  The 
records  of  Missouri  River,  previously  cited  (p.  66),  indicate  the 
possibility  that  a  depth  of  73  to  100  feet,  or  even  more  in  narrow 
channels,  such  as  that  at  Bulls  Head,  is  to  be  expected  as  a  result  of 
river  abrasion  alone. 

Considering  further  the  depth  of  scour,  it  is  evident  that  the  river 
will  cut  to  a  less  depth  in  wide  passages  than  in  narrow  passages 
where  the  current  is  swift.  The  narrow  places  are  usually  selecte<l  as 
(lam  sites  on  account  of  the  presence  of  favorable  abutments  com- 
paratively close  together.  It  is  possible  that  in  certain  cases  the 
depth  to  bed  rock  in  the  wide  part  of  a  gorge,  where  the  abrasive  force 
is  weak  owing  to  a  diminution  of  velocity,  might  be  enough  less  than 
in  the  narrow  parts,  where  the  current  is  swift,  to  more  than  compen- 
sate for  the  greater  length  of  a  dam. 
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BIO    SAKDT   WASH   AND    WILLIAMS    RIVER. 

Big  Sandy  Wash  has  a  small  permanent  flow,  and  WiDiams  River 
furnishes  water  for  the  irrigation  of  a  few  ranches,  but  the  floods  of 
Williams  River  are  evidently  large.  Water  marks  on  the  rocks  and 
drift  material  lodged  in  the  face  of  the  canyon  walls  are  seen  at  the 
height  of  20  feet  or  more  above  the  bed  of  the  stream.  The  quantity 
of  water  discharged  by  Wifliams  River  is  apparently  sufficient  to 
warrant  the  construction  of  a  reservoir  in  the  basin  east  of  Williams 
Canyon.  This  basin  is  about  7  miles  long  and  5  miles  wide,  and  the 
goi^e  forming  a  possible  dam  site  is  about  60  feet  wide  at  the  water 
line. 

A  reservoir  at  this  place  would  be  of  comparatively  little  use  in 
irrigation,  as  there  is  practically  no  irrigable  land  available.  It 
might,  however,  be  of  great  benefit  in  producing  power  for  the  devel- 
opment of  the  mineral  resources.  Rich  deposits  of  gold,,  copper,  and 
iron  are  known  to  occur  in  this  region,  but  development  is  hindered 
or  wholly  prevented  by  the  want  of  transportation  facilities.  The 
production  of  power,  such  as  seems  possible  in  this  locality,  might 
be  the  means  of  developing  a  rich  mining  district. 

UNDERGROUND  WATERS. 
SURFACE   INDICATIONS. 

In  many  places  throughout  the  Southwest  the  unconsolidated  depos- 
its filling  the  old  valleys  and  intermontane  basins  are  saturated  with 
water,  and  the  hope  was  entertained  that  this  might  be  the  case  in 
the  area  here  described.  The  geography  of  the  region,  however,  is 
not  favorable  for  the  accumulation  of  large  quantities  of  undcrgroimd 
water,  nor  for  the  retention  of  such  as  might  accumulate.  The  rain- 
fall is  slight  and  no  large  quantities  can  l)e  derived  from  streams. 
Colorado  Canyon  on  the  north  and  west  forms  an  effectual  outlet  for 
waters  which  might  otherwise  accumulate  in  the  gravels. 

From  surface  indications  the  Ilualpai  Valley  would  seem  to  have 
an  underground  water  supply.  It  is  an  undrained  basin  into  which 
Truxton  Creek  empties,  and  contains  standing  water  for  considerable 
periods.  Only  one  well  has  been  bored  in  the  valley,  at  its  northern 
extremity  in  Hualpai  Wash.  The  absence  of  water  in  this  well  is  not 
considered  proof  that  water  may  not  exist  near  the  surface  in  the 
center  of  the  valley. 

In  the  other  valleys  and  plains  of  the  region  the  prospect  is  not 
encouraging.  There  is  little  *  opportunity  for  the  accumulation  of 
water  in  the  gravels  of  the  Cactus  PlaiiLs,  because  of  drainage  into 
Colorado  River  to  the  west  and  Williams  Canyon  to  the  north.  Con- 
ditions in  the  McMuUen  Valley  are  slightly  more  favorable,  but  water 
18  found  only  at  depths  of  100  feet  or  more.  No  wells  are  reported 
from  the  plains  south  of  Harrisbui^. 
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WELLS. 

Nelson. — The  well  at  Nelson,  Ariz.,  is  1,043  feet  deep.  At  516 
feet  a  little  water  was  found-,  and  in  the  sandstone  near  the  bottom 
a  larger  supply  was  encountered;  but  the  available  quantity  has 
not  been  ascertained.     The  formations  passed  through  are  as  follows: 

Log  of  railroad  well  at  Nelson^  Ariz. 

Feet. 

Cemented  detritus 0-      44 

Limestone  (Redwall) 44-    396 

SandHtone  and  shale  (TontcV) 396-1, 043 

Peach  Springs. — A  well  at  Peach  Springs,  Ariz.,  is  920  feet  deep. 
A  small  amount  of  water  was  encountered  somewhere  in  the  lower 
half,  hut  the  horizon  is  not  known.  Water  stands  at  a  depth  of  413 
feet,  and  a  preliminary  pumping  test  yielded  25  gallons  per  minute, 
or  14,000  gallons  per  day  of  twenty-four  hours.  This  is  insufficient 
for  railway  use,  and  the  well  is  to  be  sunk  deeper.  The  formations 
passed  tlirough  are  as  follows : 

Log  of  railroad  well  at  Peach  Springs,  Ariz. 

Feet. 

Cemented  gravel 0-200 

Limestone  (Redwall) 200-560 

Shale  (Tonto) 560-920 

Iladchemj. — There  are  several  dug  wells  at  Hackberry,  Ariz.,  in 
or  near  the  bed  of  Truxton  Creek.  They  penetrate  through  the  de- 
tritus and  encounter  granite  at  a  depth  of  about  70  feet,  where  a 
limited  flow  of  water  is  obtained.  The  well  at  the  railway  station  is 
taxed  to  its  extreme  limit  in  supplying  80,000  gallons  in  twenty-four 
hours,  or  55  gallons  per  minute. 

Kingman. — There  are  about  60  wells  in  the  town  of  Kingman.  A 
few  of  these  are  dug,  but  most  of  them  are  drilled.  They  are  from 
120  to  200  feet  in  depth,  according  to  the  difference  in  surface  eleva- 
tion. The  water  occurs  hi  a  bed  of  volcanic  tuff  about  30  feet  thick, 
which  rests  ui)on  the  granite.  An  abundance  of  water  is  obtained 
from  these  wells  to  supply  the  needs  of  the  railroad  and  the  town. 

(rold  Basin. — Two  wells  500  and  700  feet  deep  were  drilled  several 
years  ago  in  Gold  Basin  at  the  northern  end  of  the  Hualpai  Valley, 
about  50  miles  north  of  Kingman.  Nothing  but  detrital  material 
was  penetrated,  and  no  water  was  encountered. 

Drake. — The  well  at  Drake,  in  the  Sacramento  Valley,  is  687  feet 
deep  and  penetrates  to  bed  rock.  Water- was  encountered  at  a  depth 
of  430  feet  in  "gray  granite"  and  rose  30  feet.  (This  material  is 
undoubtedly  granitic  wash,  cemented  by  carbonate  of  lime.  Ce- 
mented material  of  this  kind  is  common  in  the  Quaternary  deposits 
throughout  the  arid  regions.  The  yield  of  the  well  has  not  been 
determined. 
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Log  of  railroad  well  at  Drake,  Ariz. 

Feet. 

Sand  and  bowlders 0-  45 

Brown  sand 45-  90 

Bowlders 90-160 

Brown  sand 160-178 

Sand  and  gravel 178-223 

Black  lava 223-308 

Yellow  sand 308-368 

Black  lava ! 368-408 

Flint 408-414 

Black  lava 414-419 

Gray  granite 419-475 

Black  lava 475-483 

"Gray  granite, "  water  bearing 483-537 

Clay 537-578 

Disintegrated  granite 578-603 

Solid  granite 603-687 

Yucca. — ^There  are  two  deep  wells  at  Yucca,  situated  near  Sacra- 
mento Wash.  The  first  was  drilled  in  1889  and  has  been  in  opera- 
tion since  that  time.  The  amount  of  water  obtainable  was  not 
sufficient  for  the  needs  at  that  point,  and  a  second  well  has  been  put 
down  to  a  depth  of  1,004  feet.  Water  is  said  to  have  been  encoun- 
tered at  a  depth  of  310  feet,  but  when  measured  by  the  writer  in  the 
new  well  it  was  standing  at  a  depth  of  346  feet.  No  special  water- 
bearing stratum  was  encountered  below  the  first,  and  the  additional 
supply  is  obtained  by  slow  seepage  through  the  sand  and  gravel.  The 
material  encountered  is  as  follows : 

lA)g  of  railroad  well  at  Viicca,  Ariz. 

Feet. 

Cemented  sand  and  gravel 0-    370 

Clay 370-    455 

Gravel 455-    555 

White  sand 555-    905 

Granite 90^1,004 

HavUand. — The  well  at  Haviland  is  505  feet  deep  and  is  in  vol- 
canic material  most  of  the  way.  Water  was  encountered  at  a  depth 
of  248  feet  and  rose  48  feet.  The  well  yields  60,000  gallons  of  water 
per  day,  or  about  42  gallons  per  minute.  The  material  penetrated 
IS  as  follows: 

Log  of  railroad  well  at  Haviland,  Ariz. 

Feet. 

Bowlders 0-  12 

Lava 12-260 

White  volcanic  tuff 260-505 

Big  Sandy  VaXUy. — Several  wells  dug  in  Big  Sandy  Wash  encoun- 
tered water  15  to  75  feet  below  the  surface,  according  to  locality.  It 
is  reported  that  a  few  years  ago  water  was  sufficiently  near  the  sur- 
&ce  to  seep  into  the  lower  places  along  the  bottom  of  the  valley. 
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where  it  was  used  for  irrigation;  but  during  the  last  few  years  this 
seepage  has  disappeared. 

Harrisburg. — Near  Harrisburg,  at  the  point  where  the  wash  drain- 
ing the  McMullen  Valley  passes  through  the  constriction  between 
the  mountains,  a  centrifugal  pump  has  been  established,  and  water 
is  obtained  in  sufficient  quantities  to  irrigate  a  small  ranch.  This 
supply  is  local  and  limited  in  amount. 

Other  wells.^-At  a  number  of  places  in  McMullen  Valley,  in  the 
Cactus  Plain,  and  in  the  plains  of  the  southern  extremity  of  the  region, 
wells  were  reported;  but  nowhere  was  ground  water  encountered  in 
sufficient  quantities  or  near  enough  to  the  surface  to  warrant  any 
attempt  at  development  for  irrigation. 


Location. 


Haviland.. 
Yucca  No.  1 


Records  of  railway  welU  in  northeastern  Arizona, 

'  Diam-  i    ^^^^  I  Depth  I  Water  raised         Amount 
Depth.   ^^^      com-  I     to        water  rataea     rai8odln24 
I  ^^^-     pleted.   water.  '         ^^-         '       hours. 


Feet.     Inches.               '    Feet. 
505  ;         12  I    1901    I       200     Airlift. 
534  10  I    1889  346    do.. 


ChOons. 
60,000 
ago,  000 


Yucca  No.  2....     l.()04 

Kiuginan 120-200 

Drake I       684 

llacklxTTy '         70 

I'oach  Springs  .        920 

Nelson ;    1,043  ; 


13 
Dug.  I 

12 
Dug. 

13  I 

I 


1903 
(?) 

1901 
(?) 

1903 


13  ;    1902 


I 


346  ' do I  Nottested. 

(?)     ,  Stoampump..' 

400    Airlift {  Not  tested. 

66     Steam  pump  .1  80,000 

413   do 14,000 

I 

490   i  Nottested. 


Remarks. 


38,000  gaUoiis  per  dsy 
is  all  that  caa  now 
be  pumped. 


Not  satistectoiy;  wU 
be  sunk  deeper. 

Water  struck  at  516 
feet. 


«  When  teat<Ml. 


DEEP-WELL   TEMPERATURES. 


'reiu[)erature  readings  taken  at  two  of  the  deep  wells  are  given  in 
the  following  tahle.  The  results  obtained  at  Yucca  are  probably 
more  satisfactory  than  those  at  Nelson,  as  conditions  were  more 
favorable  for  satisfactory  observation.  At  Nelson  the  thermometer 
was  not  in  the  water  at  the  upper  horizon  tested,  while  at  Yucca  it 
.was  under  water  at  both  horizons.  The  increase  of  temperature 
(lownwanl  in  the  Yucca  well  was  1°  F.  for  55+  feet.  That  in  the 
Nelson  well  was  1°  F.  for  OS  +  feet. 

Tent pcra funs  of  iralrr  in  iirUa  at  Yuvni  atul  Nelson,  Ariz. 


lAK'Ai'Um. 


\\uru.  Ariz.'*  . 

Do 

Nf'lson,  Ari/-.'' . 

Do 


Surfao' 
•eleva- 
tion. 


Frrt. 
1.S04 
1>04 

o.iOO 


Total 
depth. 


Di'pthto 
water.    I 


Ffft. 
l.(MM 
1.0<)4 
1.043 
l.(M;i 


Date  of  ob- 
servation. 


Fefl. 

34« 

S« 

pt..  \^Y.K 

\W\ 

..do.... 

490 

..do.... 

490 

..do.... 

Surfai-e 

!  tiMnpc^r- 

ature  at 

time  of 
.  obsen'a- 
'     tion. 


Depth  I 
I  at  which  . 
I  temper-  , 

ature 
was 
I   taken. 

;      Feri. 

'      45S : 

1.040 
2C0 


TerapiT- 

atUTT. 


90..'! 
S0.« 
73.4 
fil.2 


rt  General  region  volcanic.    Drilling  suspended  three  months  previous  to  obw^rvation. 
6  In  limestone  region  at  edge  of  plateau.    No  work  done  on  well  for  several  months  pre\iou8  to  time  of 
observation. 


NOTES  ON  THE  IGNEOUS  ROCKS  OF  WESTERN  ARIZONA/ 


By  Albert  Joiiaknsen. 


PRE-CAMBRIAN  CRYSTALLINES. 

The  oldest  of  the  volcanic  rocks  in  northwestern  Arizona  are  granites 
(A-6,  A-44).''  According  to  Lee,  they  occur  below  the  effusives 
throughout  the  entire  area,  and  in  the  cliffs  to  the  east  are  overlain 
by  the  same  series  of  Cambrian  rocks  which  in  the  Grand  Canyon 
section  is  called  the  Tonto  formation.  Over  the  whole  area  the  fact 
that  the  granite  is  an  older  and  not  a*  younger  intrusive  is  clearly 
indicated  by  the  occurrence  of  dikes  and  veins  within  it  which  do  not 
extend  through  the  overlying  rocks.  The  upper  surface  was  planed 
nearly  to  a  base-level  and  the  effusives  generally  overlie  it  in  hori- 
zontal sheets. 

Much  granite  occurs  in  the  area.  The  rock  is  red  to  gray  in  color, 
is  usually  coarsely  crystalline,  and  is  much  cut  by  dikes  and  veins. 
Here  and  there  in  faulted  regions,  the  rock  is  liighly  gneissoid,  while 
in  other  places  the  mass  passes,  by  easy  transitions,  from  the  normal 
rock  to  the  schistose.  The  specimens  are  very  similar  in  mineralogic 
character,  though  no  thin  section  of  the  normal  type  was  examined. 
Megascopically  A-6  is  fine  and  schistose,  and  consists  of  black  and 
white  bands  of  feldspar  and  biotite.  A-44  is  dark  red  in  color  and 
is  very  compact.  Under  the  microscope  the  former  is  schistose, 
hypautomorphic-granular,  while  the  latter  is  similar  but  without 
showing  schistosity.  In  both,  the  minerals  are  feldspar,  less  quartz, 
and  still  less  biotite.  Zircon  and  apatite  are  acce.ssor>'.  The  feld- 
spar is  chiefly  orthoclase,  which  is  now  and  then  intergrowTi  with 
plagioclase  in  the  form  of  microperthite;  a  little  microcline  and  a 
little  oligoclase  or  andesine  occur.  The  biotite  occurs  in  shreds  and 
patches  (subparallel  in  A-6)  and  is  in  many  specimens  considerably 
altered  to  iron  oxide,  so  that  it  is  black  and  opaque.  Normally  the 
pleochroism  of  the  biotite  is  a  =  light  green  and  b  =  dark  green. 
Zircon  occurs  as  short,  stout,  rounded  grains,  and  apatite  occurs 

•  The  tpeoliiieou  here  described  were  collected  by  Mr.  Lee  and  the  geologic  relations  are  given  from 
his  obaenratUont.    Tbe  report  on  the  examination  of  the  thin  sections  was  made  in  1906. 

*  BflfBrenoM  are  to  original  specimen  numbers;  see  list.  p.  — . 
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both  in  small  and  thin  and  in  large  and  stout  prisms,  the  latter  being 
sometimes  irregular  in  form.  The  accessories  occur  within  both  the 
quartz  and  the  feldspar. 

Farther  to  the  south,  in  Williams  Canyon,  the  banding  of  the 
underlying  rocks  becomes  much  more  marked,  giving  long-drawn-out 
black  and  white  bands  (A-49),  for  which  reason  the  name  of  ''  Banded 
Canyon"  is  applied  to  the  gorge  through  which  Williams  River  fiows. 
Leo  doijcribes  the  rock  as  apparently  continuous  with  the  granitic 
rocks  to  the  north,  although  the  transition  was  not  followed.  Mega- 
scopically  the  rock  is  aphanitic,  black  and  white  banded,  the  black 
bands  occasionally  showing  white  phenocrysts  and  rounded  inclusions. 
Under  the  microscope  the  texture  is  markedly  schistose.  The  con- 
stituents are  irregular  rounded  grains,  very  variable  in  size,  of  horn- 
blende, orthoclase,  some  plagioclase,  and  a  little  quartz.  There  is 
much  chlorite,  and  a  little  epiilote  and  titanite. 

EFFUSIVE  ROCKS. 
OLDER   ANDE8ITE. 

Some  time  during  the  Tertiary  period,  after  the  Paleozoic  and 
Mesozoic  sediments  had  been  removed  from  the  area  and  the  under- 
lyin<i:  granite  deeply  eroded,  began  a  period  of  volcanic  activity. 
The  earliest  erupted  rocks  of  which  traces  now  remain  were  andesites, 
a  reiimant  of  which  occurs  at  Black  Mesa,  north  of  Boundary  Cone 
(A-11).  It  here  appears  to  underlie  and  is  cut  by  dikes  of  rhyoHte 
(A- 12).  This  is  the  only  area  where  any  eruptive  rock  is  definitely 
known  between  the  rhyolite  and  the  granite.  In  several  places  the 
andesito  <A-4(),  A-41)  rests  directly  upon  the  granite,  but  no  rhyolite 
occurs  above  it,  and  consequently  the  later  flow  and  the  intervening 
rocks  may  have  been  eroded.  The  andesite  from  Black  Mesa  is,  then, 
as  described  above,  beneath  the  rhyolite  and  is  cut  by  it;  and  since 
within  the  rhyolite  flow  breccia  from  various  parts  of  the  region 
andesite  fragments  occur,  it  is  \evy  probable  that  tUs  rock  is  in  place 
and  is  older  than  the  rhyolite. 

Megascopically  this  andesite  (A-11)  is  dark  reddish  gray  in  color 
and  shows  numerous  wliite  phenocrj^sts  in  a  fine  aphanitic  ground- 
mass.  Under  the  microscope  the  texture  is  porphyritic  and  sem- 
patic.  The  phenocrysts  are  fairly  regular  laths,  some  of  which  are 
partially  and  some  completely  altered.  The  partially  altered  phe- 
nocrysts are  plagiocla.se,  which  still  show  indistinctly  the  original 
twinning,  but  the  extincticm  angle  can  not  now  be  determined.  They 
have  an  index  of  refraction  higher  than  Canada  balsam,  and  are  much 
alteied  to  calcite,  sericite,  and  kaolin.  Besides  these,  there  are  fewer 
chlorite  pseudomorphs  and  still  less  magnetite.  The  chlorite  pseu- 
domorplis  are  lath-shaped  and  are  very  similar  in  fonu  and  size  to 
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the  plagioclase  laths.  None  of  the  original  mineral  remains,  and  there 
is  occasionally  a  center  of  calcite.  Possibly  they  are  pseudomorphs 
after  hornblende.  The  magnetite  occurs  in  irregular  and  corroded 
grains  and  is  usually  surrounded  by  a  rusty  rim.  By  incident  light 
the  surface  appears  black  and  metallic,  but  with  rusty  patches,  the 
smaller  grains  sometimes  having  the  entire  surface  rusty.  The 
groundmass  is  anisotropic  and  full  of  alteration  products,  and  con- 
sists of  xenomorphic  laths  and  patches  of  feldspar,  much  altered  to 
kaoUn,  sericite,  and  chlorite,  and  of  magnetite  grains  and  dust.  It 
has  the  appearance  of  having  originally  contained  small  lath-shaped 
feldspars.  Whether  there  was  also  originally  orthoclase  is  indeter- 
minable. Kaolin  occurs  as  a  secondary  product  in  semiopaque 
patches  in  the  groundmass  and  in  the  feldspar  phenocrysts. 

RHYOLITE    SERIES. 

Resting  upon  the  andesite  at  Black  Mesa,  and  in  other  places 
directly  upon  the  granite,  is  a  tliick  series  of  rhyolites,  rhyolite  flow 
breccias,  and  tuff's,  wliich  reach  a  tliickness  of  3,000  feet  or  more. 
They  are  all  clearly  older  than  some  of  the  andesites  (107,  A-IS)  and 
older  than  all  of  the  basalts.  In  the  field  the  general  appearance  of 
the  rhyolite  is  white  to  pink,  making  a  shaip  contrast  with  the  under- 
lying granite  and  the  overlying  andesites  and  basalts.  Usually  the 
flows  are  massive,  often  brecciated,  and  often  very  coarse  agglom- 
erate, with  angular  blocks  having  a  maximum  diameter  of  several 
feet.  In  places  these  included  fragments  are  rounded  and  the  bed- 
ding of  the  tuffs  is  horizontal.  No  attempt  was  made  to  separate 
the  rhyoUte  into  distinct  flows,  as  might  be  possible  with  more  detailed 
study.  The  areas  at  which  the  specimens  studied  were  collected 
being  in  many  cases  far  removed  from  the  others,  it  is  impossible  to 
correlate  the  relative  geologic  positions. 

The  rhyolites  may  be  divided  into  four  groups — flow  breccia,  ash, 
normal  rhyoUte,  and  spherulitic  rhyolite. 

In  general  the  megascopic  appearance  of  the  rhyolite  flow  breccia 
is  white  to  pink,  with  included  irregular  dark-brown  fragments,  usually 
small.  Under  the  microscope  the  appearance  of  all  (101,  A-13,  A-19, 
A-35)  is  very  similar.  The  rock  consists  of  a  glass  full  of  bubbles, 
often  in  flow  Unes  and  sometimes  devitrified.  It  is  full  of  irregular 
and  broken  fragments  of  orthoclase,  ([xiartz,  sometimes  a  little  biotite, 
microcline,  apatite,  plagioclase,  and  hornblende,  several  or  all,  and 
usually  some  iron  ore.  Some  of  the  specimens  are  altered  and  con- 
tain, besides  iron  oxide,  much  calcite.  Besides  the  mineral  frag- 
ments contained  in  the  glass,  there  are  irregular  dark  and  altered 
inclusions  of  andesite,  which  clearly  indicate  that  there  was  a  pre- 
vious eruption  of  a  basic  rock.     No  correlation  is  possible,  however. 
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between  these  fragments  and  the  single  specimen  obtained  from  the 
flow  below  the  rhyolite  at  Black  Mesa.  There  may  have  been,  and 
probably  were,  volcanic  eruptions  previous  to  that  of  the  rhyolite, 
of  wliich  now  no  trace  remains,  and  the  fragments  in  the  rhyoUte  flow 
breccia  indicate  that  the  andesite  was  much  more  extensive  than  at 
the  present  time. 

West  of  Boulder  Canyon  in  Colorado  River  is  a  volcanic  tuff  (A-39). 
It  is  gray  to  pink  in  color,  aslilike,  gritty,  very  friable,  and  fine  grained, 
and  occurs  in  horizontal  beds.  Under  the  microscope  it  is  tuffaceous 
and  is  composed  chiefly  of  small  angular  glass  fragments,  needle-like 
and  in  flakes,  and  contains  a  few  very  small  and  irregular  quartz 
grains. 

Compact  normal  rhyolite  (117,  A-7,  A-r2,  A-43)  occurs  within 
the  rhyolite  series,  but  no  attempt  was  made  to  find  the  relation- 
shi})  wliich  nuiy  exist  between  these  flows  and  the  sheets  of 
breccia,  How  breccia,  and  so  on,  in  wliich  it  occurs.  Megascopically 
these  rocks  are  white  or  i)ink  and  sometimes  banded.  Under  the 
microscope  a  glassy  flow  texture  is  plainly  seen  in  one  of  the  rocks 
(A-43),  while  in  others  (1 17,  A-7), although  now  devitrified,  the  flow 
texture  can  be  clearly  made  out.  In  117  the  original  flow^  lines  of 
the  groundniass  show  in  polarized  light  by  the  fact  that  there  are 
larger  and  more  numerous  (juartz  particles  along  certain  lines,  wliile 
areas  between  these  lines  are  nmcli  finer  grained,  and  very  often  the 
centers  of  these  areas  are  almost  entirely  isotropic.  In  the  specimen 
from  Black  Mesa  (A-12),  from  the  region  where  the  andesite  (A-11) 
underlying  the  rhyolite  was  obtained,  no  flow  texture  can  now  be 
made  out.  It  is  completely  devitrified  and  is  now  an  aggregate  of 
(jiuirtz  and  feldspar.  According  to  Lee,  this  rhyolite  occurs  in  dike- 
like intrusions  and  in  sheets  overlying  the  andesite,  a  fact  which 
(•l(Mirly  proves  the  older  age  of  the  andesite,  provided  that  the  intruded 
and  overlying  rocks  are  both  like  the  specimen  (A-12).  All  of  the 
sections  are  perpatic.  In  some,  fragments  of  orthoclase,  a  Uttle 
plagioclase,  and  some  (piartz  occur,  and  in  others  the  original  phe- 
nocrysts  are  much  altered.  Magnetite  and  zircon  are  accessory,  and 
calcite  and  zeolites  secondary  minerals.  Chlorite,  from  an  original 
femic  mineral,  occurs  in  117. 

Two  of  the  rhyolite  specimens  are  sphemlitic  (A-1,  A-8).  Mega- 
scopically these  s])ecimens  are  pink,  spheriditic,  and  full  of  large 
irregular  cavities,  occasionally  filled  with  (juartz  crystals.  Under 
th(»  microscope  the  rock  shows  very  few  phenocrysts  of  orthoclase, 
])lagioclase,  and  biotite,  and  rather  rare  magnetite  crystals  in  a  sphem- 
litic groundniass.  In  one  specimen  (A-S)  tli(»  entire  rock  is  filled  with 
trichites, generally inhairlike  bunches.  Sometimes  margarites  occur — 
that  is,  hairlike  strings  of  globules;  and  in  places  microhtes  appear 
in  schools.     In  the  specimen  from  Wickenburg  (A-1)  there  is,  in  the 
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groundmass,  besides  the  sphenilites,  a  (luartz-ortlioclase  aggregate  in 
finger-like  interlocking  particles.  The  rock  is  rather  dark  with  feritic 
material,  and  there  is  consideral)le  kaolin  and  other  alteration  prod- 
ucts. In  the  rays  of  the  sphendites  there  is  often  a  deposit  of  red 
hematite  or  limonite,  and  cubes  of  what  may  have  been  magnetite 
show  a  slight  red  edge  in  transmitted  light,  as  though  altered  to 
limonite. 

YOUNGER    ANDESITES. 

Definitely  in  place  in  a  number  of  localities  above  the  rhyolite  is 
an  an<lesite  (107,  A-18).  This  is  much  more  limited  in  extent  than 
the  earlier  flow.  A  number  of  other  andesites  which  occur  in  the 
area  either  rest  directly  upon  the  granite  (A-40,  A-41)  or  are  in 
masses  isolated  from  the  other  effusives,  so  that  no  relationsliip  is 
seen  (112,  A-2,  A-42) ;  they  may  belong  either  to  the  upper  flow,  the 
underlying  rhyolite  having  been  eroded,  or  to  the  earlier  flow.  In 
the  field  all  of  the  ande^sites  are  of  a  dark-red  to  brown  color,  are  often 
vesicular,  and  are  often  very  hard  to  distinguish  fiom  the  overlying 
olivine  basalts. 

The  two  specimens  (107,  A-18)  from  above  the  rhyolite  are  dark 
reddish  black  in  color  and  are  vesicular,  with  more  phenocrysts  in  A- 
18  than  in  107.  Under  the  microscope  the  two  rocks  are  very  similar 
in  appearance.  Both  of  them  are  porphyri tie-in tersertal  in  texture 
and  contain  more  phenocrysts  than  groundmass.  The  phenocrysts 
occur  in  two  generations  and  consist  of  plagioclase  (andesine  to  lab- 
radorite),  augite,  and  magnetite.  The  larger  plagioclase  crystals 
occur  as  irregular  fragments,  often  zonal,  while  the  smaller  occur  in 
perfect  laths.  There  is  much  less  augite  than  plagioclase.  This  also 
occurs  in  two  generations,  and  in  each  case  is  less  in  amount  than  the 
corresponding  generation  of  plagioclase.  Two  generations  of  mag- 
jietite,  less  in  amount  than  the  augite,  occur  in  (jiiadratic  and  irregu- 
lar crystals  and  grains.  Of  these  the  larger  crystals  arc^  less  in  amoimt 
and  the  grains  are  smaller  than  the  second  generation  of  augite,  and 
the  small  crystals  are  very  small  and  are  scattered  through  the  grouiul- 
mass  in  isometric  crystals.  They  occasionally  occur  in  the  augite, 
but  very  rarely  in  the  feldspar.  The  groundmass  in  both  specimens 
is  isotropic  and  consists  of  brown  gla.ss  full  of  magnetite — so  much 
in  A-18  that  it  is  nearly  opaque. 

Specimens  A-40  and  A-41 ,  from  sheets  in  the  walls  of  Black  Canyon, 
are  augite  andesite;  possibly  the  latter  at  ono  time  contained  olivine; 
if  so,  it  was  an  olivine  basalt.  Alegascopically  they  are  medium  dark 
red-brown  in  color,  >^dth  more  or  less  black  and  white  phenocrysts  in 
an  aphajiitic  groundmass.  ITnder  the  microsco})e  they  are  porphy- 
ritic  and  sempatic.  The  phenocrysts  of  40  consist  of  broad,  irregidar 
laths,  and  the  groimdmass  is  apparently  a  devitrified  glass,  fidl  of 
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(lust  and  grains  of  inagiietite  and  hematite.  Specimen  41  has  pheno- 
crysts  of  plagiodase,  somewhat  greater  in  amount  than  augit^  and 
much  greater  than  some  red-brown  pseudomorphs  which  may  be 
altered  biotite  or  olivine.  The  groundmass  in  this  specimen  is  in 
laths  and  irregular  patches,  much  of  which  is  definitely  plagioclase. 
Besides  the  feldspar,  much  black  and  red  iron  oxide  and  shreds  of 
augite  and  dark  altered  biotite  (?)  occur. 

A-42  is  a  biotite-augite  andesite  from  a  sheet  forming  Eagle  Rock, 
near  Little  Round  Island,  and  is  similar  in  character  to  the  two  pre- 
ceding. The  phenocrysts,  less  in  amount  than  the  groundmass,  are, 
in  the  order  of  their  importance,  plagioclase,  biotite,  diopside,  an<l 
magnetite.  The  plagioclase  is  andesine  to  labradorite.  The  biotite 
ha.s  a  peculiar  deep  red-brown  color,  is  pleochroic  with  b=brownLsh 
red  imd  ti=-^greenish  yellow,  and  has  much  the  appearance  of  basaltic 
hornblende.  It  has,  however,  parallel  extinction,  gives  a  uniaxial  in- 
terference figure,  shows  parallel  cleavage  in  laths,  has  the  '.'bird's-eye 
maple ^^  surface,  and  is  optically  negative.  It  always  has  a  dark  rim 
of  magnetite.  The  pyroxene  is  pale  green  in  color,  is  nonpleochroic, 
has  an  extinction  of  about  40°,  and  has  good  cleavage — parallel  in 
laths  an<l  at  right  angles  in  1)asal  sections.  It  is  diopside.  Both  the 
plagioclase  and  the  pyroxene  are  much  altered  to  calcite.  The  ground 
mtiss  is  yellowish  to  red,  cloudy,  and  apparently  partially  devi trifled 
glass  full  of  red  ore  dust.  Most  of  the  anisotropic  part  of  the  ground- 
mass  is  spherulitic  or  contains  innumerable  microUtes. 

South  of  Seligman  there  is  a  hypersthene  andesite  (113).  This  is 
from  the  lower  of  two  flows,  the  upper  of  which  is  darker  and  maybe 
basalt,  though  no  specimen  was  examined.  Megascppically  113  is 
a  (larK-gray  rock  with  wliite  patches  and  occasional  calcite  fillings  in 
cavities.  Microscopically  the  texture  is  porph}Titic  and  dopatic.  The 
phenocrysts  are  either  thin  or  broad  laths,  and  the  groundmass  is 
hypautomorphic.  The  phenocrysts,  in  the  order  of  their  abundance, 
are  plagioclase,  augite,  and  hypersthene.  The  feldspar  occurs  in  both 
large  and  small  latlis.  The  stout  crystals  are  not  twinned  and  are 
always  zonal;  the  narrow  crystals  are  usually  twinned  and  give  an 
extinction  between  20°  and  25°,  or  that  of  andesine.  In  the  zonal 
feldspars  the  index  of  refraction  at  the  center  is  higher  than  at  the 
rims;  the  interference  figures  are  positive,  and  show  a  comparatively 
small  value  for  2E.  This  excludes  all  the  feldspars  but  andesine  and 
labradorite.  Since  the  rims  have  a  lower  index  but  are  still  positive 
in  character,  it  shows  that  the  feldspar  is  either  labradorite  or  andesine 
or  both,  and  that  the  interior  is  more  basic  than  the  exterior.  Tlie 
feinic  minerals  consist  of  very  irreguhir  grains  of  a  greenish  pyroxene 
with  a  high  extinctitm  angle — augite;  and  another  pyroxene  occur- 
ring in  elongated  prisms  with  longitudinal  cleavage,  having  parallel 
extinction,  showing  high  interference  colors,  o])tically  negatTve,  and 
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slightly  pleochroic  in  pink  and  green  tones — hypersthene.  Magnetite 
occurs  in  grains  which,  in  size,  grade  into  the  grounchnass.  There  is 
no  definite  Une,  and  it  is  in  such  irregular  grains  that  it  may  be  included 
with  either  the  phenocrysts  or  the  groundmass.  Exclusive  of  the 
fetnic  minerals,  the  groundmass  is  made  up  of  xenomorpliic  are^^s  and 
laths  of  feldspar  which  are  probably  of  the  same  kind  as  the  large 
phenocrysts.  The  xenomorphic  feldspar  has  an  index  of  refraction 
greater  than  Canada  balsam  and  is  consequently  plagioclase,  but  the 
areas  are  so  small  that  the  kind  is  indeterminable.  Besides  the  feld- 
spar there  is  an  isotropic  substance  which  occurs  in  very  small  anhe- 
drons  and  which  may  be  glass  or  a  zeoUte.  The  groundmass  is  full 
of  magnetite  dust  and  there  is  an  alteration  product  in  the  cleavage 
cracks  of  some  of  the  feldspars  which  is  anisotropic  and  has  an  index 
of  refraction  less  than  Canada  balsam.     It  is  a  zeoUte. 

Twenty-five  miles  west  of  Congress  Junction  there  occurs  a  coarse 
breccia  formed  of  large  angular  blocks  cemented  with  red  material. 
M^ascopically  the  specimen  (A-2)  has  a  red  compact  groundmass, 
and  there  are  phenocrysts  of  hornblende  forming  about  one-eighth 
of  the  mass.  Microscopically  the  texture  is  porphyritic  and  perpatic. 
The  phenocrysts  are  hornblende,  much  less  plagioclase,  and  still  less 
biotite.  The  hornblende  is  very  peculiar  in  several  ways.  It  has  a 
very  low  extinction  angle,  generally  appearing  as  parallel,  the  largest 
found  being  only  3J° — that  is,  c:  c  is  circa  4°.  The  pleochroism  is 
also  pecuUar.  For  a  it  is  a  greenish  yellow,  while  for  jc  it  is  a  deep 
red-brown.  Absorption  Oa.  The  elongation  is  parallel  to  jc,  and 
therefore  it  is  positive,  while  the  optical  character  of  the  mineral  is 
negative.  Surrounding  the  mineral  there  is  always  a  dark  rim  of 
iron  oxide.  This  is  usually  black,  but  occasionally  it  shows  a  red 
tone.  The  cleavage  is  good,  parallel  to  c  in  lath-shaped  sections,  and 
in  basal  sections  the  usual  amphibole  cleavage.  The  mineral  is  ba- 
saltic hornblende.  The  feldspar  is  generally  zonal  and  is  positive  in 
character.  It  is  between  andesine  and  labradorito.  Actually  the 
amount  of  plagioclase  that  occurs  is  much  less  than  the  amount  of 
hornblende,  but  the  phenocrysts  of  feldspar  have  either  weathered 
out  or  been  ground  out  in  preparing  the  thin  section.  Apparently 
they  were  originally  much  more  niunerous  and  both  longer  and  broader 
than  the  hornblende.  Biotite  occurs  in  a  very  few  long,  thin  flakes. 
It  has  dark  rims,  and  magnetite  is  include<l  along  the  cleavage  lines. 
Pleochroism  is  brownish  to  greenish.  Magnetite  occurs  in  irregular 
grains.  The  groundmass  consists  chiefly  of  laths  of  plagioclase,  which 
have  an  extinction  angle  of  30°  and  are  conse([uently  labradorite. 
Between  the  feldspar  latlis  there  is  a  much  iron-stamed  substance 
which  is  probably  glass.  Iron  oxide  occurs  in  the  form  of  very  fine 
dust  and  in  patches,  producing  the  red  color  of  the  rock. 
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OLIVINE    BASALTS. 

Resting  upon  the  andesite,  upon  the  rhyolite,  or  even  upon  the 
granite,  and  also  upon  and  within  Quaternary  gravels,  depending  upon 
the  amount  of  erosion  that  has  taken  place,  is  a  series  of  olivine 
basalts — the  youngest  lava  in  the  region.  There  are  at  least  three 
flows  of  this,  but  it  is  impossible,  from  the  amount  of  field  work 
done,  to  correlate  the  different  sheets  in  different  parts  of  the  area. 
Five  or  six  varieties  can  be  distinguished  under  the  microscope,  but 
they  may  be  but  different  phases  of  the  same  rock,  a  greater  or  less 
development  of  olivine  or  a  coarser  or  finer  groundmass  forming 
the  various  types.  This  difference  in  appearance  may  be  seen  even 
in  two  sections  (as  110,  111)  which  have  been  collected  near  to- 
gether front  imdoubtedly  the  same  flow  and  which  show  different 
characters.  P'ive  types  may  be  distinguished,  according  to  the  fine- 
ness of  the  groundmass:  (A)  110,  111,  3,  45;  (B)  15,  16,  24,  25,  27; 
(0)37,46;    (D)  22,  23;    (E)  30,  34. 

Occasionally  the  field  relation  can  be  seen;  thus,  24  is  from  a  sheet 
overlying  25;  15  is  from  a  sheet  intruded  into  the  rhyoUte  and  lifting 
it;  and  16  is  from  a  sheet  above  the  rhyolite. 

In  the  field  the  general  appearance  of  the  basalt  is  black  or  very 
dark  red.  In  general  it  is  darker  in  color  than  the  underlying  ande- 
site and  is  often  vesicular  and  ropy.  Where  it  rests  upon  the  rhyoUte 
it  forms  sharp  cliffs.  In  many  places  it  forms  flows  in  erosion  val- 
leys, and  though  actually  lower  in  position,  is  higher  geologically. 

Megascopically  the  hand  specimens  are  compact  and  vary  in  color 
from  black  through  dark  gray  to  dark  brownish  red.  Occasionally 
there  is  a  somewhat  banded  arrangement — that  is,  alternating  bands 
of  a  lighter  color.  Under  the  microscope  the  texture  of  all  the  speci- 
mens is  porph^Titic,  with  a  groundmass  generally  trachytic  and  with 
the  small  plagioclase  latlis  in  subparallel  position.  In  general  the 
])henocrysts  of  the  rock  are  olivine,  or,  when  other  minerals  occur, 
they  are  greatly  in  the  minority.  In  four  specimens,  however  (22, 
23,  45,  46),  the  phenocrysts  are  chiefly  plagioclase. 

In  specimens  22  and  A-23  the  plagioclase  phenocrj^sts  are  greatly 
in  excess  of  the  olivine,  and  the  latter  are  much  in  excess  of  the 
augite.  The  groundmass  is  much  coarser  than  A-45  and  consists 
of  plagioclase  laths  and  areas,  less  augite  grains,  and  still  less  magne- 
tite. The  felds])ar  is  labradorite.  Olivine  is  very  much  altered  to  a 
red-brown  mineral  which  may  be  iddingsite  or  an  iron-stained  ser- 
pentine. Some  of  the  oHvine  is  fresh  and  shows  simply  an  altered 
rim  or  altered  center. 

A-45  is  ])erpatic,  has  a  much  finer  grounchnass  than  either  A-22 
or  A-23,  and  does  not  contain  prominent  augite  grains  in  the  ground- 
mass.     The  constituents,  in  the  order  of  their  abundance,  are  plagio- 
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clase,  augite,  olivine,  and  magnetite.  The  feldspar  is  labradorite  or 
andesine.  The  olivine  occurs  in  doubly  terminated  crystals,  only 
slightly  altered. 

A-46  is  very  similar  to  A-23,  except  that  the  diflFerence  between 
the  size  of  the  grains  in  the  groundmass  and  the  phenocrysts  is  not 
so  great. 

Specimens  110,  111,  and  A-3  are  similar  to  A-45,  in  having  a  very 
fine  groundmass.  The  phenocrysts  of  110  and  111  are  augite  and 
biotite  in  about  equal  amounts,  and  less  of  a  completely  altered  red- 
brown  mineral  which  may  have  been  olivine.  The  biotite  and  augito 
are  usually  altered  in  part  also,  and  are  surrounded  by  black  rims. 
The  groundmass  consists  of  lime-soda  feldspar  laths  in  subparallol 
position  in  swirhng  eddies — a  trachytic  texture.  There  are  also  a  few- 
small  irregular  patches  in  the  groundmass  which  have  an  index  of 
refraction  less  than  Canada  balsam  and  are  faintly  anisotroi)ic. 
They  may  be  analcite,  but  are  too  small  to  determine.  Calcite 
occurs  as  a  secondary  product,  and  magnetite  occurs  in  a  few  large 
crystals  as  well  as  in  small  grains  in  the  groundmass. 

In  A-3  there  are  more  augite  phenocrysts  than  oHvine.  The  latter 
is  altered,  completely  or  in  cracks,  to  a  red-brown  mineral,  which 
has  an  index  of  refraction  much  less  than  that  of  the  olivine  and  is 
fibrous.  It  appears  to  be  iron-stained  serpentine.  Magnetite 
occurs  within  the  oUvine  in  rather  large  grains  and  crj^stals.  The 
groundmass  consists  of  laths  of  labradorite  in  broad  flow  lines  swirling 
around  the  oUvine  phenocrysts.  Almost  invariably  they  are  twinned 
according  to  the  albite  law,  and  show  an  extinction  angle  in  the 
neighborhood  of  30*^.  Between  the  feldspar  laths  is  much  augite, 
pale  green  in  color,  and  occurring  in  irregular  grains,  never  in  well- 
formed  crystals  or  laths.  Somewhat  less  in  amount  is  magnetite, 
which  occurs  in  cubical  and  irregular  sections.  Ijcss  in  amount  than 
the  magnetite  and,  like  it  and  the  augite,  occurring  in  irregular 
grains  between  the  feldspar  laths,  is  a  reddish-brown  mineral  which 
has  an  index  of  refraction  api)arently  greater  than  the  augite.  The 
grains  are  small  and  irregular,  so  that  the  determination  is  impossible. 
It  appears  to  be  partially  altered  olivine. 

Somewhat  coarser  in  texture  under  the  microscope  than  the  above 
are  A-15,  A-16,  A-24,  A-25,  A-27,  A-37.  Of  these,  A-15  and  A-16 
have  phenocrysts  of  ohvine,  augite,  and  plagioclasc,  with  hornblende 
and  biotite  also  in  A-16.  The  olivine  phenocrj^sts  are  generally 
entirely  altered  to  a  brownish-red  serpentine  and  are  usui^lly  ground 
out  in  the  centers  in  preparing  the  section.  The  groundmass  of  A-15 
is  a  dark  glass  full  of  small  laths  of  plagioclase,  laths  of  augite,  and 
grains  of  red  iron  oxide,  while  A-IO  has  a  groundmass  of  dark  glass 
full  of  innumerable  small  feldspar  latlus  and  microlites  and  magnetite 
dust.' 
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A-24,  A-25,  A-27,  and  A-37  are  very  similar  in  appearance. 
The  texture  of  all  of  them  is  porphyritic,  with  phenocrysts  of  olivine 
and  a  groundmass  made  up  of  laths  of  feldspar  and  grains  of  augite 
and  magnetite  and  glass  full  of  magnetite  dust.  The  amount  of 
glass  is  small  and  fills  spaces  between  the  plagioclases,  but  these 
spaces  are  very  few  and  hardly  show  in  the  thickness  of  the  section. 
The  olivine  phenocrysts  are  rather  fresh,  being  generally  altered  only 
around  the  rims.     Secondary  calcite  is  common. 

A-37  has  more  plagioclase  than  A-24  and  the  oUvine  is  entirely 
altered  to  a  dirty  brownish-black  substance. 

A-30  and  A-34  are  porphyritic,  with  irregular  rounded  to  angular 
crA'stals  of  olivine  which  are  j)erfectly  fresh.  Some  magnetite  may 
be  classed  with  the  phenocrysts.  The  groundmass  consists  of  long, 
narrow  laths  of  labradorite  with  extinction  angles  of  from  32®  to  35°, 
and  a  less  amount  of  a  purplish,  ver}'  slightly  pleochroic  augite, 
which  fills  the  interspaces.  The  augite  is  not  in  typical  ophitic  form, 
but  in  irregular  laths  which  fill  the  interstices.  Generally  it  is  very 
fresh,  although  there  are  patches  of  serpentine  in  the  groundmass, 
some  of  which  is  definitely  derived  from  olivine.  Within  the  augite 
there  is  a  great  deal  of  magnetite  in  strings  and  in  skeleton  crystals, 
in  beautiful  branching  forms. 

DIKE  ROCKS. 
OLIVINE   DIABASE. 

Cutting  the  rhyohte  at  the  eastern  edge  of  Black  Mesa,  in  Gold 
Roads  Pass  at  Mud  Spring,  is  a  large  dike,  some  25  feet  in  thickness, 
of  olivine  diabase  (A-14),  apparently  connected  with  a  dark  sheet 
which  overlies  the  rhyolite.  Megascopically  the  rock  is  dark  in 
color  and  is  rather  coarsely  granular.  Under  the  microscope  it  has 
a  typical  ophitic  texture  and  there  is  more  feldspar  than  augite.  The 
feldspar  occurs  in  twinned  laths  with  a  maximum  extinction  angle 
of  31®,  and  is  labradorite.  It  is  ver}-  fresh,  although  occasionally  it 
contains  serpentine  in  cleavage  cracks.  Fresh  augite  in  less  amount 
than  the  plagioclase  fills  the  interspaces  between  the  feldspar  laths. 
It  is  pale  purple  in  color,  and  is  iionpleochroic  or  very  slightly  pleo- 
chroic. It  contains  a  small  amount  of  iron  oxide  in  extremely  fine 
particles.  Olivine,  less  in  amount  than  the  augite,  occurs  in  irregu- 
lar rounded  grains,  mostly  small,  though  some  are  large.  Some  of 
the  olivine  is  altered  to  serpentine,  chlorite,  and  red  iron  oxi<le 
around  the  edges  and  in  cracks.  Magnetite  occurs  in  still  less  amount 
and  in  irregular  grains. 

RHYOLITE    PORPHYRY. 

At  the  base  of  Boundary'  Cone  is  a  plug,  or  dike  from  a  plug,  of 
rhyolite  poq)h}T}'  (A-10).     Megascopically  it  is  a  j)ink,  fine-grained 
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rock,  with  quartz  aiwl  feldspar  phenoen'sts.  lender  the  microscope 
the  texture  is  porphyritic  and  dopatic.  The  phenocn'sts  are  large, 
occasionally  somewhat  corroded,  and  the  groundmass  is  xenomorphic- 
holocrystalline.  The  phenocr>'sts  are  orthoclase,  greater  in  amount 
than  quartz,  and  much  greater  than  acid  plagioclase.  The  plagio- 
clase  occurs  in  but  few  crx-^stals;  it  has,  in  part  at  least,  an  index  of 
refraction  less  than  Canada  balsam,  and  is  probably  all  albite.  The 
groundmass  is  a  quartz-feldspar  aggregate  with  much  hematite. 
Secondary  kaolin  ami  sericite  are  derived  from  the  feldspar,  and  the 
red  iron  oxide  perhaps  from  magnetite. 

ROCK  SAMPLES  FROM  NORTHWESTERN  ARIZONA. 

Following  i^  a  list   of  rock   samples   collected    in   northwestern 
Arizona  with  the  original  specimen  numbers: 

A-<».     Granitic  gneiw  fnmi  south  end  of  llualpai  Mountains. 

A-10.  Granite  porphyry  fn)ni  baj*c^  of  Houndviry  Cone  w<»st  of  Hlack  M«'s;i. 

A-44.  Biotite  granite  trom  mouth  of  Williams  River. 

A-49.  Granite  gneiss  from  Williams  Canyon. 

101.  Rhyolite  flow  breccia  from  Ix)st  Basin,  al)out  5  mih^  «outh  of  Colora<lo  River, 
in  a  depression  of  older  crystalline  nH*k. 

A-35.  Rhyolite  breccia  fn)m  Temple  Bar. 

A-7.     Rhyolite  frohi  southern  end  of  Black  Mesa,  at  l>ase  of  cliffs. 

A-39.  Rhyolitic  tuff  fn)m  Colorado  River  W(»st  of  Boulder  Canyon. 

A-12.  Rhyolite  from  Black  Mesa,  at  (lold  Roads. 

A-13.  Rhyolitic  tuff  from  Black  Mesa,  in  pass  east  of  Gohl  Roa<ls. 

A-19.  Rhyolitic  tuff  from  Black  Mesa,  at  summit  of  Union  Pass. 

A-43.  Rhyolitic  tuff  from  bluffs  of  Colorado  River  in  Chemehuevis  Valley. 

A-2.  Hornblende  andesite  fnmi  southern  end  of  Aquarius  Mountains,  a  few  miles 
north  of  Date  Creek. 

A-11.  Andesite  from  Black  Mesa,  north  of  Boundar>'  Cone. 

A-40.  iVndesite  from  north  end  of  Black  Canyon. 

A-41.  Andesite  from  south  end  of  Black  Canyon. 

A-42.  Andesite  from  Eagle  Rock,  near  Little  Round  Island. 

107.      Andesite  from  coyote  holes  northwest  of  Kingman,  at  west(»m  edge  of  mesa. 

A-18.  Andesite  from  a  sheet  above  the  rhyolite  2  miles  northwest  of  Kingman. 

110,  111.  Basalt  from  a  flow  sheet  300  feet  thick  resting  on  top  of  400  fe(»t  of  varicolored 
ash  and  breccia  at  mouth  of  White  Cliff  Creek. 

112.  Andesite  resting  on  granite  at  top  of  Cottonwood  Cliffs  near  mouth  of  Cotton- 
wood Creek,  1,200  feet  above  Xos.  110  and  HI. 

A-3.  Olivine  basalt  from  a  sheet  in  tlie  detrital  beds  of  Sant4\  Maria  Canyon,  near 
mouth  of  Big  Sandy  Wash. 

A-15.  Basalt  intruded  into  the  rhyolite  1  mile  west  of  Kingman. 

A-16.  Basalt  from  a  flow  sheet  above  the  rhyolite  1  mile  west  of  Kingman. 

A-27.  Olivine  basalt  from  a  sheet  above  tlie  andesite  near  Kingman. 

A-30.'  01i\'ine  basalt  from  a  columnar  sheet  resting  on  the  Temj)!*'  \k\r  conglomerate 
north  of  Colorado  River  in  Grand  Wasli . 

A-34.  Olivine  basalt  fn)m  a  flow  sheet  within  the  Tenij)l«'  liar  «-onj;lomerat<'  near 
Greggs  Ferr\'. 
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A-14.  Olivine  (iial)a*<e  fn)m  the  oastoni  edge  of  Black  Mona,  at  moadow  spring  in  Gold 

Roads  Pass;  dike  cutting  the  rliyolite. 
A-22.  Olivine*  basalt  from  Mud  Spring  at  eastern  edge  of  Black  Mesa. 
A-23.  Olivine  basalt  from  north  end  of  Cerbat  Mountains. 

A-24.  Olivine  basalt  from  a  sheet  resting  upon  granite  east  of  Oerbat  Mountains. 
A-25.  Olivine  basalt  from  a  sheet  resting  above  A-24. 
A-45.  Basalt  from  a  sheet  800  feet  thick  covering  the  Temple  Bar  conglomerate  in 

Williams  (^anyon. 
A-4r).  Olivine  bastUt  near  Planet,  in  Williams  Canyon. 
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}Y  OF  THE  TAYLORSVILLE  REGION  OF 
CALIFORNIA. 


By  J.  S.  DiLLER. 


INTRODUCTION. 

LOCATION  AND  EXTENT. 

Disville  region  is  a  triangular  area  on  the  northern  end  of 
Sfevada  in  CaUfomia.  It  lies  in  the  northeastern*  angle 
)  fortieth  parallel  and  the  one  hundred  and  twenty-first 
nd  embraces  the  northeastern  part  of  Plumas  County 
jacent  portion  of  Lassen  County,  comprising  about  750 
s.  The  greater  portion  of  the  population  is  in  Indian 
esee  Valley,  and  North  Arm.  The  town  of  Taylorsville, 
the  whole  region  is  here  named,  is  approximately  in  its 

>F  THE  GEOGRAPHY  AND  GEOLOGY  OF  THE  REGION. 

California  belongs  to  five  topographic  provinces,  con- 
hree  mountain  ranges — the  Coast,  Cascade,  and  Sierra 
id  two  valleys — the  Sacramento  and  the  valley  of  the 
ich  forms  a  part  of  the  Great  Basin.  The  Coast  Range 
I  Klamath  Mountains,  which  occupy  the  northwest  comer 
\.  Lassen  Peak,  the  southern  end  of  the  Cascade  Range, 
a  the  Klamath  Mountains  and  the  Sierra  Nevada,  as 
.  I,  giving  them  apparent  continuity,  but  in  reality  sepa- 
,  for  the  Cascade  Range  is  wholly  of  volcanic  origin  and 
irked  contrast  to  the  Sierra  Nevada  and  Klamath  Moun- 

Taylorsville  region  belongs  to  the  Sierra  Nevada,  but  is 
I  the  north  by  the  Lassen  Peak  portion  of  the  Cascade 
on  the  east  by  the  Great  Basin. 

body  of  the  Sierra  Nevada  has  but  one  crest,  with  a  long, 
)  southwestward  to  the  Sacramento  Valley  and  a  short, 
northeastward  to  the  Great  Basin.  It  appears  as  a  great 
I  earth's  crust  tilted  toward  the  southwest.    The  northern 
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end  of  the  range,  beyond  Lake  Tahoe,  has  three  crests,  those  of 
Clermont  Hill  ridge,  Grizzly  Mountains,  and  Diamond  Mountain, 
and  each  crest  has  a  valley  at  its  northeast  base.  The  western  crest, 
the  Clermont,  is  continuous  with  the  main  crest  of  the  range  north 
of  Lake  Tahoe.  American  and  Mohawk  valleys  lie  to  the  northeast. 
The  other  two  are  crests  of  blocks  that  have  been  added  in  the  Tay- 
lorsville  region  on  the  northeast  of  the  main  block,  as  shown  in  fig.  1, 
causing  the  eastern  face  of  the  range  to  advance  in  that  direction 
nearly  to  Honey  Lake. 

The  geology  of  the  Sierra  Nevada  is  complex.  Although  the  range 
is  the  result  of  an  uplift  that  occurred  in  comparatively  recent  geo- 
logic time,  the  material  of  wliich  it  is  composed  involves  a  long  and 
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YiQ.  1.— Faults  limiting  tho  Sierra  Nevada  on  the  northeast.    Ilpavy  black  lines  indicate  position  of 

faults. 

varied  succession  of  deposits  of  sedimentary  and  igneous  rocks, 
extending  from  early  Paleozoic  to  the  close  of  Jurassic  time.  During 
that  long  period  the  Sierra  Nevada  region  was  beneath  the  sea, 
receiving  sediments  from  a  land  area  along  the  eastern  border  in 
Nevada.  About  the  close  of  the  Paleozoic  era  the  rocks  were  com- 
pressed and  folded,  and  were  intruded  to  some  extent  by  igneous 
rocks,  so  that  the  Mesozoic  sediments,  which  are  of  much  less  bulk 
than  the  Paleozoic,  wf^re  deposited  upon  the  latter  unconformably. 
At  the  close  of  the  Jurassic  the  Sierra  region  was  again  greatly  com- 
pressed and  uplifted,  forming  a  promuient  mountain  range.  The 
rocks  were  folded  and  rendered  scliistose  or  platv  in  connection  with 
the  intrusion  of  great  masses  of  granitic  and  other  igneous  rocks. 


SURFACE   FEATURES.  V 

Long-continued  erosion  during  the  Cretaceous  and  Tertiary  period, 
coupled  with  minor  oscillations  of  the  land,  reduced  the  Sierra 
Nevada  to  a  region  of  low  relief,  when  streams  flowed  in  broad,  shal- 
low valleys,  in  wliich  the  earUer  auriferous  gravels  accumulated. 
Among  the  finer  gravel  beds  are  fossil  leaves,  including  several  varie- 
ties of  figs,  oaks,  and  other  plants,  which  indicate  that  the  flora 
resembled  that  of  a  low  coastal  couritry  like  Florida.  Near  the  low 
crest  volcanic  vents  poured  forth  streams  of  lava,  wliich  followed 
the  watercourses,  covered  the  auriferous  gravels,  and  displaced  the 
streams.  With  this  volcanic  activity  and  stream  displacement  came 
differential  uplift,  which  greatly  increased  the  stream  grades  and 
caused  them  to  cut  the  deep  canyons  in  which  they  now  flow  down 
the  western  slope  of  the  Sierra,  leaving  the  auriferous  gravels  of 
their  old  beds  on  the  divides  far  above. 

TOPOGRAPHY. 

RELIEF. 

As  may  be  seen  on  the  general  map  of  the  Honey  Lake  and  Tay- 
lorsville  regions  (PI.  II),  the  reUef  consists  of  two  lines  of  crests  and 
of  two  valleys,  all  having  a  northwest-southeast  trend,  parallel  to  the 
general  course  of  the  Sierra  Nevada.  On  the  one  hand  lies  the  valley 
of  Honey  Lake  and  Susan  Creek,  and  on  the  other  the  belt  of  valleys 
stretching  from  Mountain  Meadows  to  Genesee.  Between  these 
lines  of  valleys  lies  the  Diamond  Mountain  block,  whose  crest  line  is 
prominent  from  McKesick  Peak  to  Diamond  Mountain.  The  crests 
of  Grizzly  Mountains  and  Keddie  Ridge  belong  to  the  Grizzly  topo- 
graphic block,  and  both  blocks  lie  just  northeast  of  the  main  crest  of 
the  Sierra  Nevada  at  its  northern  end. 

DIAMOND   MOUNTAIN    BLOCK. 

The  Diamond  Mountain  block,  extending  from  Honey  Lake  south- 
westward  to  Grizzly  Mountains,  has  a  width  of  over  20  miles  and  a 
length  north  of  the  fortieth  parallel  of  over  50  miles.  Its  crest  line 
lies  close  along  its  northeastern  side,  from  McKesick  Peak  to  Dia- 
mond Mountain,  presenting  a  bold  escarpment  over  2,000  feet  Iiigh 
in  the  short  steep  slope  to  Honey  Lake.  The  slope  on  the  opposite 
side,  to  the  southwest,  is  long  and  gentle,  having  the  appearance  of  a 
plateau.  Beyond  Lone  Rock  the  block  gradually  narrows,  loses  its 
relative  elevation,  and  dies  out  in  a  plain  before  reacliing  the  head 
of  Susan  Creek.  This  disappearance,  however,  is  due  more  to  the 
general  rise  of  the  adjoining  county  toward  Lassen  Peak,  as  shown 
by  the  drainage  lines,  than  to  any  decrease  in  the  general  elevation 
of  the  Diamond  Mountain  crest,  for  it  maintains  its  elevation  of 
7,000  feet  near  the  end.  The  prominent  features  of  the  Diamond 
Mountain  block  are  the  escarpment,  the  plateau  slope,  and  the 
TsllejB  along  its  western  border. 
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THE   ESCARPMENT. 

The  escarpment  although  bold  is  not  generally  a  cliff,  and  at  two 
points  in  a  distance  of  40  miles  between  Willow  Ranch  and  Grold  Bun 
it  is  traversed  by  wagon  roads.  It  is  remarkably  regular  with  few 
prominent  spurs  and  reentrants  and  gives  rise  to  no  considerable 
stream.  Gold  Run  marks  its  northern  terminus.  Beyond  that  i>oint 
the  eastern  slope  is  as  long  as  the  western  and  the  divide  becomes 
symmetrical. 

THE   PLATEAU  'SLOPE. 

The  general  features  of  the  plateau  are  best  displayed  about  the 
heads  of  Squaw,  Last  Chance,  and  Indian  creeks,  where  the  general 
altitude  is  about  6,000  feet,  rising  to  7,000  feet  at  a  number  of  i>oints 
along  the  crest.  One  of  the  best  general  views  of  the  plateau  is  from 
the  slope  of  Kettle  Rock  Mountain  looking  southeast.  Although 
there  is  a  decided  conrnaunity  of  altitude  suggesting  an  approximation 
to  a  common  level,  it  is  far  from  being  a  complete  plain,  and  yet  it 
may  well  be  called  a  peneplain.  Kettle  Rock  Mountain  is  the 
greatest  elevation  in  it,  rising  above  the  general  level  nearly  2,000 
feet,  but  for  the  most  part  by  such  gentle  slopes  that  the  difference 
of  altitude  is  not  out  of  hannony  with  the  peneplain.  The  gentle 
summit  slopes  continue  northwest  into  Lassen  County  beyond  the 
limit  of  the  escarpment,  where  the  great  difference  between  the  two 
slopes  of  the  block  disappear. 

The  upper  courses  of  the  streams  are  in  broad,  shallow  valleys,  but 
as  they  approach  the  middle  portion  of  the  block  they  cut  deeper 
and  deeper  until  they  flow  in  canyons.  Lights  Canyon,  Cooks  Canyon, 
and  the  canyons  of  Indian  and  Squaw  creeks  above  Floumoy  are 
examples,  and  they  all  open  into  broad  alluvial  valleys  below. 

VALLEYS   OP  THE   SOUTHWESTERN  BORDER  OP  THE  DIAMOND  MOXJNTAnf  BLOCK. 

Genesee  Valley. — ^The  general  trend  of  the  valley  belt  along  the 
border  of  the  Diamond  Mountain  block  is  northwest  and  southeast 
from  Genesee  Valley  to  Mountain  Meadows.  Genesee  Valley  is  at  its 
southeastern  extremity.  It  has  a  breadth  of  one-third  to  three- 
fourths  of  a  mile,  and  a  length  of  nearly  6  miles  northeast  and  south- 
west directly  across  the  general  trend  of  the  valley  belt.  It  is  a  flat 
alhn^al  plain  on  both  sides  of  Indian  Creek,  with  irregular  border 
from  jutting  spurs  and  lateral  branches  running  up  Red  Clover, 
Wards,  Hosselkus,  and  Little  Grizzly  creeks.  None  of  it  is  too 
swampy  for  use  but  some  is  too  dry  without  irrigation.  There  is  a 
lartjo  ranch  at  each  end  and  four  smaller  ones  between. 

Indian  Valley, — Indian  Valley  is  nuich  larger  than  Genesee,  and 
less  regular.  The  main  part  extends  northwest  from  Taylorsville 
to  Greenville  about  9  miles  with  an  average  width  of  over  a  mile.  At 
right  angles  to  this  is  North  Arm,  which  extends  up  Lights  and  Cooks 
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creeks  for  nearly  5  miles  with  a  width  ranging  from  a  quarter  to 
nearly  a  mile  and  widening  to  the  north.  Indian  Valley  proper 
between  Taylorsville  and  Crescent  Mills  is  nearly  all  arable,  but  the 
adjoining  portions  of  North  Arm  and  Greenville  Arm,  except  the 
borders,  are  swampy,  although  the  other  portions  of  both  arms  have 
lai^e  and  excellent  farms. 

A  feature  of  importance  in  the  main  body  of  the  valley  2i  miles 
northwest  of  Taylorsville  is  the  Mounds,  two  dome-shaped  hills, 
which  stand  out  in  the  valley  plain.  One  rises  100  feet  and  the 
other  over  200  feet  above  the  surrounding  plain.  There  is  a  third 
opposite  the  entrance  of  North  Arm,  a  mile  north  of  Taylorsville, 
but  it  rises  less  than  50  feet  above  the  valley  plain. 

Mountain  Meadows. — ^Mountain  Meadows  are  triangular  in  shape, 
widening  to  the  northwest,  where  they  merge  into  the  plains  border- 
ing the  volcanoes  about  Lassen  Peak.  On  the  southwest  they  are 
sharply  limited  by  the  steep  slopes  of  Keddie  Ridge,  but  along  the 
eastern  side  its  margin  is  somewhat  less  definite  on  the  gentle  slope 
of  the  Diamond  Mountain  block.  The  valley  is  dry  to  a  large  extent 
except  in  the  northwestern  part,  which  is  traversed  by  Fredonia  Creek, 
from  the  pass  of  the  same  name.  Mountain  Meadows,  having  a 
general  elevation  of  4,800  feet,  is  about  1,300  feet  above  the  general 
level  of  Indian  Valley,  from  which  it  is  separated  by  a  low  divide  at 
the  head  of  Cooks  Canyon. 

Jura  VaUey, — Between  Mountain  Meadows  and  North  Arm  of 
Indian  Valley  there  is  a  broad  gap  crossing  a  flat  ridge,  and  the  same 
is  true  between  North  Arm  and  Genesee  Valley,  where  the  gap  is  a 
broad  depression  in  the  ridge  crest  that  joins  Mount  Jura  to  Kettle 
Rock  Mountain.  These  two  gaps  belong  to  the  plateau  or  peneplain 
features  of  the  Diamond  Moimtain  block.  A  line  joining  them  lies 
in  the  axis  of  the  valley  belt,  and  these  gaps  are  remnants  of  an  old 
valley  along  that  line  nearly  2,000  feet  above  the  present  valleys  of 
North  Arm  and  Genesee.  This  old  valley  lies  on  the  east  slope  of 
Mount  Jura,  hence  the  name  Jura  Valley.  It  was  once  occupied  by 
Jura  River. 

GRIZZLY   MOUNTAIN   BLOCK. 

The  Grizzly  Mountain  block,  which  lies  between  the  Diamond 
Mountain  block  and  the  main  crest  of  the  Sierras  and  extends  from 
Grizzly  Mountains  and  Keddie  Ridge  to  American  Valley,  forms  only 
a  small  part  of  the  Taylorsville  region.  The  Grizzly  Mountain  block 
is  smaller  and  much  less  regular  than  the  Diamond  Mountain  block. 

CREST  LINE   AND    ESCARPMENT. 

The  crest  line  and  escarpment  are  well  marked  in  Grizzly  Moun- 
tains, which  present  a  steep  slope  of  over  3,000  feet  to  the  west  end 
of  Grenesee  Valley.     Toward  the  northwe.st  the  crest  line  sinks  and 
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curves,  running  to  Taylorsville,  where  it  disappears  in  the  valley, 
but  rises  again  in  Keddie  Ridge  and  curves  back  to  its  northwest 
course.  A  small  notch  is  cut  by  Montgomery  Creek  across  the  north 
end  of  Grizzly  Mountains,  but  the  broad  gap  in  the  crest  occupied  bv 
Indian  Valley  is  more  than  a  mile  in  width.  Keddie  Ridge,  which 
carries  the  crest  beyond  Indian  Valley,  is  about  14  miles  in  length  and 
ends  in  plains  at  both  extremities. 

SOUTHWEST  SLOPE. 

The  southwest  slope  of  Grizzly  Mountains  is  larger  and  gentler 
than  the  slope  in  the  opposite  direction,  but  is  not  so  gentle  as  the 
corresponding  slope  of  the  Diamond  Mountain  block  and  retains  but 
few,  if  any,  definite  traces  of  an  inclined  peneplain.  South  of  the 
fortieth  parallel  the  crest  continues  for  15  miles  to  Grizzly  Peak,  and 
a  parallel  valley  follows  the  western  edge  of  the  block  all  the  way 
from  Mohawk  to  American  Valley.  About  Crescent  Mills  and  Green- 
ville the  western  slope  is  broken  down  to  the  level  of  Indian  Valley, 
which  crosses  the  main  crest,  giving  especial  prominence  to  the 
escarpment  of  Arlington  Heights  and  Houghs  Peak,  which  form  a 
second  crest.  Beyond  Round  Valley  Reservoir  the  slope  of  the  Griz- 
zly Mountain  block  is  better  preserved  in  the  northwestern  inclination 
of  the  divide  between  Indian  Creek  and  North  Fork  of  Feather  River. 

DRAINAGE. 

The  Taylorsville  region  belongs  to  two  drainage  systems,  the  Great 
Basin  and  the  Sacramento  River,  and  the  water  parting  is  along  the 
eastern  crest  of  the  Diamond  Mountain  block.  That  which  belongs 
to  the  Great  Basin  finds  its  way  into  Susan  Creek  or  upper  Long  Val- 
ley, and  finally  into  Honey  Lake,  which  has  no  outlet,  and  lies  at  the 
very  base  of  the  Diamond  Mountain  escarpment,  receiving  nearly  all 
its  water  from  the  streams  flowing  southeast  or  northwest  parallel  to 
the  escarpment. 

All  the  drainage  west  of  the  Diamond  Mountain  crest  goes  into  the 
North  Fork  of  F'eather  River.  The  drainage  from  Mountain  Meadows 
passes  around  the  northern  end  of  Keddie  Ridge  of  the  Grizzly 
Mountain  block  into  Big  Meadows,  where  it  enters  North  Fork  of 
Feather  River. 

Tlie  part  of  the  Diamond  Mountain  block  within  Plumas  County 
is  (h'ained  by  Indian  Creek,  whose  branches  from  Cooks  Canyon  to 
Last  Chance  Creek,  inclusive,  head  alon<r  the  crest  forming  the  county 
lin(\  while  Squaw  Creek  drains  Red  Clover  Valley,  wliich  heads 
a<,M\inst  the  <j:reat  Sierra  Valley.  The  Diamond  Mountain  and  Grizzly 
blocks,  which  combine  south  of  the  fortieth  parallel  and  merge  into 
the  broad  summit,  Sierra  Valley,  are  completely  drained  by  the 
tributaries  of  Feather  River.  North  Fork  drains  all  that  part  lying 
north  of  the  fortieth  parallel  in  the  Taylorsville  region  except  a  small 
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area  along  the  crest  3  miles  south  of  McKesick  Peak,  which  is  drained 
by  Sierra  Valley  into  the  iCddle  Fork  of  Feather  River.  Both  forks 
of  Feather  River  have  cut  profound  canyons  across  the  crest  of  the 
main  Sierra  block  on  their  wb^j  to  the  Sacramento. 

As  regards  the  grades  of  drainage  lines  in  the  Taylorsville  region, 
it  should  be  noted  that  the  headwaters  tributary  to  Indian  Creek, 
being  on  the  peneplain,  have  exceptionally  low  grade.  From  the 
peneplain  the  streams  pass  with  steep  grades  through  canyons  to 
Indian  Valley,  upon  leaving  which  Indian  Creek  again  enters  a  deep, 
rugged  canyon  to  Feather  River. 

DESCRIPTIVE  GEOLOGY. 

GENERAL  STATEMENT. 

The  results  of  the  areal  survey  of  the  Taylorsville  region  are  ex- 
pressed upon  the  geologic  maps.  Pis.  II  and  III,  in  the  discrimination 
of  18  sedimentary  and  12  igneous  formations.  These  contrasted 
formations  are  of  about  equal  volume  in  the  district  represented  by 
the  Indian  Valley  special  sheet  (PL  III),  but  in  the  surrounding  dis- 
trict upon  the  north  and  east,  as  shown  in  PI.  11,  igneous  rocks 
prevail  everywhere,  though  they  are  locally  covered  by  auriferous 
gravels  or  Quaternary  lake  deposits. 

SEDIMENTARY  ROCKS. 
GENERAL   ACCOUNT. 

The  sedimentary  rocks  of  the  Taylorsville  region  contain  a  more 
nearly  complete  record  of  the  geologic  history  of  the  Sierra  Nevada 
than  has  yet  been  reported  in  any  other  portion  of  the  range.  The 
Silurian  and  Devonian  are  each  represented  by  1  formation,  but  4 
occur  in  the  Carboniferous,  2  in  the  Triassic,  7  in  the  Jurassic,  1  in 
the  Tertiary,  and  2  in  the  Quaternary. 

The  Grizzly  formation  is  the  oldest.  It  is  mainly  quartzite  with 
some  shale,  and  at  the  top  are  occasional  lentils  of  limestone.  Its 
fossils  are  clearly  of  Silurian  age.  The  Devonian  slates  and  quartz- 
ites,  jvith  local  basal  conglomerates,  have  not  yet  yielded  any  fossils, 
but  the  Carboniferous,  represented  by  the  Arlington,  Shoo  Fly,  Peale, 
and  Robinson  formations,  have  fossils  at  various  horizons.  These  are 
followed  by  the  Swearinger  slate  and  Hosselkus  limestone,  whose  rich 
Triassic  fauna  has  long  been  known.  The  Jurassic  strata,  beginning 
with  the  Trail  formation,  continues  in  succession  with  the  Ilardgravc 
sandstone,  Thompson  limestone,  Mormon  sandstone,  Bicknell  sand- 
stone, Hinchman  sandstone,  and  Foreman  formation,  most  of  the 
horizons  being  characterized  by  abundant  faunas.  The  latest  Juras- 
sic and  Cretaceous  are  not  represented  in  the  Taylorsville  region. 
The  auriferous  gravels  of  Tertiary  age  complete  the  column  to  the 
Quaternary.    (See  PL  IV.) 
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SILUBIAN. 
GRIZZLY  FORMATION. 

Lithologic  character. — ^The  Grizzly  formation  is  a  gray,  well-defined 
but  thin-bedded  quartzite  overiain  by  lentils  of  limestone  and  inter- 
stratified  with  shaly,  often  siliceous  slate  (argillite)  having  irregular 
cleavage.  The  beds  of  quartzite  range  from  5  to  about  20  feet  in 
thickness  and  run  out  into  shale  in  a  short  distance.  The  shale  beds 
are  generally  thicker  than  the  quartzite.  They  are  for  the  most  part 
greenish  gray  to  drab,  but  sometimes  black  and  more  or  less  flinty, 
but  not  much  altered.  The  lighter  colored  shales  are  often  sandy  and 
constitute  the  prevailing  portion  of  the  formation,  although  beds  of 
well-marked  quartzite  are  usually  present  and  frequently  predomi- 
nate. The  coarser  beds  of  quartzite  contain  small  pebbles  of  rhyolite, 
rarely  as  large  as  a  pea.  These  beds,  with  occasional  little  pebbles, 
are  near  the  base  of  the  formation  and  have  a  thickness  of  about  200 
feet.  The  black  shale,  sometimes  flinty,  is  full  of  traces  of  organisms, 
which  E.  O.  Ulrich  has  identified  as  sponge  spicules.  On  the  eastern 
slope  of  Grizzly  Mountains,  near  the  northern  end,  quartzite  prevails 
immediately  beneath  a  lentil  of  limestone,  but  north  of  Montgomery 
Creek  shales  occupy  the  corresponding  position,  as  shown  in  fig.  2. 
The  section  as  shown  in  this  figure,  however,  does  not  continue  below 
the  tunnel,  and  therefore  docs  not  disclose  the  coarser  beds  lying  at 
the  bottom  of  the  Grizzly  quartzite  horizon. 

Areal  distribution  and  thiclcness, — The  quartzite  of  the  Grizzly  for- 
mation occupies  a  narrow  belt  near  the  crest  and  parallel  to  it  on  the 
northeast  slope  of  Grizzly  Mountains.  It  extends  from  Taylorsville 
southeast  across  Montgomeiy  Creek  and  along  the  slope,  where  it  is 
cut  into  patches  by  pyroxenite  and  meta-andesite,  reaching  the 
fortieth  parallel  in  the  glaciated  ravine  half  a  mile  northeast  of 
Tower  Kock.  At  tliis  point  the  belt  of  Grizzly  quartzite  abruptly 
narrows  and  vanishes  along  the  border  of  the  ancient  rhyolite  and 
the  overlapping  basaltic  volcanics.  Immediately  south  of  the  for- 
tietli  parallel  tliis  rock  has  been  sought  for  by  H.  W.  Turner  in 
the  Downieville  quachangle,  but  its  presence  could  not  be  demon- 
strated. The  length  of  the  belt  of  Grizzly  quartzite  from  Taylors- 
ville to  the  fortieth  parallel  is  about  6  miles,  and  its  exposure  is  not 
known  to  extend  l)oyond  in  either  direction.  A  portion  of  the  area 
mapped  as  Grizzly  formation  about  tlie  mouth  of  Montgomery  Creek, 
oinl)racing  a  tract  one-fourth  of  a  mile  in  width  and  nearly  2i  miles 
in  length  along  the  left  bank  of  Indian  Creek,  is  referred  to  this 
liorizon  \\'ith  doubt.  Although  quartzite  and  siliceous  slates  occur 
there  the  prevailing  rock  is  thin-bedded  sandstone  instead  of  quartz- 
ite.    Locally  the  sandstone  contains  pebbles,  but  it  is  generally  fine 
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grained.  At  one  point  it  shows  decided  spheroidal  weathering  and 
resembles  certain  beds  in  the  ArUngton  formation,  from  which,  how- 
ever, it  differs  decidedly  in  mineral  composition.  The  spheroidal 
sandstone  in  question  near  Montgomery  Creek  contains  quartz  grains 
whose  bipyramidal  form  indicates  that  they  were  most  likely  derived 
from  the  underlying  metarhyoUte. 

There  are  two  small  outUers  of  the  Grizzly  formation  near  the 
fortieth  parallel  a  mile  northeast  of  Tower  Rock.  In  both  cases 
they  are  masses  of  much  crumpled  black,  flinty  slates  from  25  to  40 
feet  in  thickness  associated  with  the  ancient  rhj^olite  into  wliich 
they  have  been  folded  or  faulted. 

The  thickness  of  the  Grizzly  formation,  where  measured  near  the 
northern  end  of  Grizzly  Mountains,  is  about  400  feet,  and  this  is 
near  the  maximum.  The  strike  of  the  formation  is  northwest  and 
southeast  parallel  to  its  outcrop,  and  its  dip  is  southwest  into  Grizzly 
Mountains  between  Taylorsville  slates  which  lie  upon  it  and  a  mass 
of  ancient  rhyolite  on  which  it  rests. 

Bdaiion  to  adjoiniTig  forrncUion^, — The  contact  of  the  Grizzly  for- 
mation and  the  underlying  rhyoUte  is  more  or  less  irregular  and 
difficult  to  follow,  but 
the  irregularities  are 
those  of  the  original  lava 
surface  accented  by 
much  subsequent  fold- 
ing and  displacement. 
This  relation  may  be 
plainly  seen  on  the  lower 
slope  of  Grizzly  Moun- 
tains opposite  Hunting- 
tons,  where  a  tongue  of 
sandstone  is  folded  into  the  metarhj^olite,  whoso  fluidal  structure  on 
both  sides  is  parallel  to  the  well-marked  bedding  in  the  sandstone. 
That  the  rhyolite  is  older  than  the  overlying  quartzite  is  evidenced 
by  the  fact  that  small  pebbles  of  the  rliyohte  occur  in  the  quartzite. 
Although  not  abundant  nor  large  thej^  are  conmion  and  characteristic, 
and  confirm  the  view  that  the  quartzite  was  deposited  on  the  rhyolite. 

Above  the  quartzite  comes  the  Montgomery  limestone,  and  tlie 
two  are  conformable,  as  shown  in  the  small  section  (fig.  2)  along  tlie 
tunnel  on  the  east  slope  near  the  crest  of  the  ridge  2  miles  south  of 
Taylorsville.  The  fine  conglomerates,  sandstones,  and  slates  of  the 
Taylorsville  formation  overlie  the  hmestone  and  quartzite  appar- 
ently with  unconformity. 

FoaMs  and  age. — ^The  only  fossils  discovered  in  the  Grizzly  forma- 
tioQi  outside  of  the  hmestone  lentils,  are  sponge  spicules  found  in  thin 
section?  of  the  black  shaly  portions.     They  indicate  a  marine  origin 


Fig.  2.— Tunnel  section  of  Grizzly  formation  (li,  Montgonnry 
linie^tono  (2),  and  Taylorsville  formation  (3). 
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for  the  scdimonts,  but  afford  no  definite  information  as  to  its  age. 
There  can  be  no  reasonable  doubt,  however,  that  it  is  older  than  the 
h^ntils  of  h'niestone  described  below. 

MONT(i(>MBRY  LIMKBTONK. 

Litholog^ic  character. — ^This  limestone  was  called  the  Montgomery* 
limestone  from  \is  occurrence  on  that  creek,  2J  miles  south  of  Tay- 
lors ville.  The  limestone  is  light  to  dark  bluish  gray  and  cleaves  into 
plates.  It  has  occasional  knots  or  benches  of  black  chert  and  some 
of  the  few  fossils  are  replaced  by  it.  The  form  of  the  limestone  is 
lenticular,  and  the  largest  lentil  has  a  thickness  of  60  feet,  T^ith  a 
lengtli  of  about  200  feet.  The  strike  is  approximately  parallel  to 
tlie  crest  of  Grizzly  Mountains,  and  the  dip  is  to  the  southwest. 

Areal  distribution. — Five  of  these  limestone  lentils  have  been 
foimd  at  intervals  along  the  western  border  of  the  quart^te  between 
Taylorsville  and  the  fortieth  parallel.  The  first  occurs  at  the  tunnel 
shown  in  fig.  2,  where  it  has  a  tliickness  of  20  feet.  The  second  is  on 
the  south  bank  of  Montgomery  Creek,  forming  prominent  cliffs  at  an 
altitude  of  about  4,000  feet.  The  third  and  largest  lentil,  60  feet  in 
thickness,  is  on  the  crest  of  Grizzly  Mountains,  at  their  northern 
end,  having  an  altitude  of  nearly  7,000  feet.  This  is  by  far  the  most 
important  lentil,  on  account  of  the  fossils  it  contains.  Two  miles 
fartlu»r  southeast,  in  tlie  cliff  overlooking  the  Devils  Punch  Bowl,  is 
a  lentil  of  limestone  about  15  feet  in  thickness  and  exposed  for 
GO  feet.  No  fossils  were  found  here,  but  the  limestone  is  in  the  same 
hoi'izon  as  that  containing  the  fossils  at  the  northern  end  of  Grizzly 
Mountains.  The  last  and  smallest  lens  of  hmestone  occurs  in  the 
shites  near  the  top  of  a  flat  spur  one-eighth  of  a  mile  north  of  the 
fortieth  parallel.  It  is  only  about  4  inches  in  diameter.  South  of 
the  fortieth  parallel  Turner  has  not  been  able  to  find  any  exposed 
lentils  of  the  hmestone,  nor  have  any  been  found  by  the  writer 
north  of  Taylorsville.  Limestone  has  l)een  reported  from  a  well  on 
one  of  the  mounds  of  Indian  Valley,  but  the  determination  is  a  mat- 
t(>r  of  doubt.  The  extreme  limits  of  the  exposed  lenses  are  about 
12  miles  apart. 

Fossih  and  age.^Vo^sih  were  discovered  in  this  limestone  on  Mont- 
<roniery  Creek  and  the  crest  of  Grizzly  Mountains  by  Cooper  Curtice 
in  isoo.  A  few  fossils  were  added  by  others  to  those  collected  by 
Curt  ice,  and  among  them  C.  D.  Walcott  identified  the  following  forms: 

CrinoM  stems.  lloliolitCH. 

Slroiiialopitni  sp.  (?).  Ilalysitea  catcniilutiis. 

ZapliRMit  KM.  I  Ortliis  (of  the  tyi)o  uf  O.  flabellum). 

Syrinj:()iv)ni  (like  S.  serpens).  I  Orniorenus  (of.  siphuncles). 

o  Bull.  Geol.  Soc.  ^Vnierlca,  vol.  3,  1892,  pp.  372  and  376. 
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According  to  Walcott,  tliese  fossils  are  undoubtedly  Silurian  and 
"  represent  the  Niagara  horizon  of  the  Mississippi  Valley  and  Appa- 
lacliian  provinces/' 

Last  summer  the  locality  was  visited  and  a  collection  made  by. 
James  Storrs.     It  was  referred  to  E.  O.  Ulrich,  who  reports  as  follows: 

The  fossila  on  the  whole  are  in  very  discoiiraginjj;  condition  and  in  most  cases  it  is 
impossible  to  determine  them  specifically. 

1.  Ilalysites  catenulatus.  The  variety  that  is  found,  so  far  as  known  to  me,  only  in 
the  Silurian  above  the  Clinton. 

2.  lleliolitos  cf.  interstinctus. 

3.  lleliolites  cf .  elegans. 

4.  ?  Favoeites.    A  small  ramose  species. 

5.  Cyathophyllum  sp.  undet.     A  small,  subcylindrical  species. 

6.  Fragment  of  a  single  tube  of  an  undetermined  species  of  Syringopora. 

The  above  fossils  are  all  corals  of  types  indicrating  an  early  middle  Silurian— in  other 
words,  about  the  age  of  the  Louisville  Niagara  limestone. 

No  other  exposures  of  fossiliferous  rocks  of  tlus  horizon  are  known 
within  hundreds  of  miles.  One  of  the  nearest  is  in  the  Eureka  region 
of  central  Nevada. 

Relation  to  adjacent  formations, — In  strike  and  dip  the  limestone 
and  the  underlying  quartzite  are  practically  parallel,  and  their 
observed  contacts  indicate  conformability.  The  change  in  the  char- 
acter of  the  sediment  from  siliceous  sand  and  clay  to  local  limestones 
niay  have  been  due  to  subsidence  of  the  sea  floor,  but  it  did  not 
involve  deformation  sufliciently  great  to  give  rise  to  discordance 
between  the  strata.  But  at  about  the  horizon  of  the  top  of  the  lime- 
stone the  change  in  sediments,  which  become  at  least  locally  coarse, 
appears  to  be  consequent  upon  deformation  of  a  more  pronounced 
character  and  will  be  noted  more  fully  under  the  Taylorsville  forma- 
tion. 

DEVONIAN. 
TAYLOKSYILLK  FOKMATION. 

Lithologic  clutracter, — The  Taylorsville  formation  is  composed  for 
the  most  part  of  fine  sediments,  chiefly  slates"  and  thin-bedded  sand- 
stones, among  which  there  arc  numerous  small  layers  of  lino  black 
chert  or  occasional  less  regular  masses  of  red  chert,  but  at  the  base  it 
is  locally  a  fine  conglomerate,  and  near  the  middle  there  are  well- 
defined  beds  of  light-colored  quartzite.  The  conglomerate  at  the  base 
is  greenish  gray  and  its  pebbles  arc  indistinct.  It  is  best  exposed  on 
the  eastern  face  of  the  spur  above  the  limestone  about  a  mile  south 
of  Taylorsville.  The  pebbles  are  small  and,  in  part  at  least,  well 
rounded.     Many  of  them  are  of  igneous  material  more  or  less  por- 

a  The  TaylonvUIe  fomiatiou  wns  funuerly  called  the  Taylorsville  slates;  Bull.  Geol.  Soc.  America, 
YoL  3, 1802,  p.  S72. 

50007— Bull.  35a— 08 2 
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pliyritic.  Some  arc  rliyolitic,  and  in  places  small  fragments  of  chert 
are  common  containing  the  roimd  spots  like  those  of  the  siliceous 
slates  in  the  Grizzly  quartzite.  Thin  sections  of  the  ancient  rhyoUte 
show  its  groun(hnass  very  like  that  of  some  of  the  chert.  They  are 
easily  distinguished  in  some  cases  hy  the  presence  of  quartz  pheno- 
crysts  on  the  one  hand  or  rounil  spots  of  organic  origin  in  the  other. 

Dwtnbution  and  thickness, — The  Taylorsville  formation  is  best 
developed  a  short  distance  south  of  Taylorsville,  and  except  where 
cut  by  seri)entine  and  pyroxenite  it  forms  a  belt  southeast  along  the 
slope  of  Grizzly  Mountains  to  the  fortieth  parallel.  Like  the  Grizzly 
formation,  the  exposure  of  the  Taylorsville  formation  ends  near  the 
fortieth  parallel.  Neither  of  them  has  been  recognized  by  Turner  in 
the  Dowiiieville  quadrangle,  which  lies  immediately  south  of  the 
fortieth  parallel. 

Northwest  of  Taylorsville  the  outcrop  of  the  Taylorsville  forma- 
tion is  interrupted  by  alluvial  deposits  of  Indian  Valley,  and  it  appears 
l)eyon(l  only  in  isolated  areas  on  the  end  of  Keddie  Ridge  and  on  the 
Mounds,  and  also  2  miles  north  of  Crescent  Mills  and  \\  miles  we^t  of 
CTreenville.  The  last  is  the  largest  of  the  isolated  areas  and  contains 
besides  quartzite  and  shales  some  distinctly  banded  black  cherts,  in 
which  there  are  no  traces  of  organic  remains.  West  of  this  area  there 
is  a  small  exposure  in  the  Lassen  Peak  quadrangle,  a  few  miles  east 
of  Prattville  on  the  l)order  of  the  great  lava  field.  It  is  probable  that 
some  of  the  isolated  areas  mapped  as  Taylorsville  formation  north 
and  northwest  of  Indian  Valley  contain  strata  which  belong  to  the 
Grizzly  quartzite,  but  in  the  absence  of  the  Montgomery  limestone 
tli(»y  could  not  be  separated. 

Tlio  known  extent  of  the  Taylorsville  formaticm  is  about  35  miles. 
For  12  miles  noithwest  of  Tower  Hock  on  the  fortieth  parallel  it  is 
associated  with  the  Grizzly  formaticm,  but  beyond  Taylorsville  it 
extends  ahme  \\i{\\  numerous  interruptions  for  about  20  mile^  to  its 
final  cover  of  lava  in  the  Lassen  Peak  regicm.  The  general  dip  of  the 
formation  throughout  its  extent,  where  not  disturbed  by  igneous 
intrusions,  is  to  the  southwest. 

The  tliickness  of  the  Taylorsville  formation  in  the  measured  sec- 
tion \\  miles  south  of  Taylorsville  is  about  1,8()()  feet.  From  this 
point  it  appears  to  thin  southward.  Near  the  fortieth  parallel  only 
150  foot  arc  exposed.  Xortli  of  Taylorsville  it  is  so  involved  with 
i^^ncous  rocks  that  its  thickness  has  not  Ixmmi  determined,  but  if  >\'idth 
of  cxj)osure  may  he  taken  as  an  indicatitm  the  tluckness  increai^es  in 
that  <lircction. 

Hddtion  to  adjdccni  fonuations.  -The  fossiliferous  cherty  shale 
pebbles  in  th(*  conglomerate  at  th(»  l)ase  of  the  Taylorsville  formation 
appear  to  have  l)cen  derived  from  the  black  shales  of  the  Grizzly 
formation  and  indicate  an  unccmformity  of  erosion  between  them, 
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although  the  rocks  upon  both  sides  of  the  contact  have  essentially 
the  same  position.  Tlie  lack  of  contiiuiity  in  the  M()iit<2:()meiy  lime- 
stone suggests  that  the  unconformity  is  between  the  limestone  and 
the  Taylorsville  fonnation,  and  while  this  is  probal)le  it  could  not  be 
fully  confirmed.  No  pebbles  of  limestone  were  found  in  the  con- 
glomerate and  the  masses  of  limestone  do  not  appear  as  iiT(»gular 
remnants  left  by  erosicm  from  a  larger  mass  but  are  lenticular  in 
shape,  as  if  originally  so  formed. 

Evidence  upon  this  point  also  may  be  observ^ed  north  and  north- 
west of  Indian  Valley,  where  the  Taylorsville  formation  appears  to 
lie  directly  upon  the  quartz  porphyr}'.  The  ([uartzite  and  limestone 
of  the  Grizzly  formation  were  apparently  removed  l)y  erosion  from 
the  surface  of  the  metarhyohte  before  the  deposition  of  the  Taylors- 
ville formation.  The  local  conglomerate,  associated  with  flinty 
slates  and  gray  sandstones  of  the  Taylorsville  formation,  was  observed 
in  the  long,  narrow  strip  running  along  the  western  slope  of  Keddie 
Kidge  parallel  to  its  crest.  The  pebbles  are  largely  of  igneous 
material,  chiefly  acid  volcanics,  presumably  derived  directly  from 
the  adjacent  (juartz  porphyry,  which  the  fragments  closely  resemble. 
On  the  whole,  therefore,  the  evidence  seems  to  indicate  a  decided 
unconformity  of  erosion  between  the  limestone  and  the  Taylorsville 
formation. 

On  the  upper  side — that  is,  on  the  southwest — the  Taylorsville 
formation  is  Umited  by  igneous  rocks  onl3\  Taylor  meta-andesite, 
a  basic  volcanic  rock  which  spreads  from  the  vicinity  of  Taylor  Rock, 
overlies  the  Taylorsville  formation  on  the  western  slope  of  (irizzly 
Mountains,  but  farther  northwest,  along  Houghs  Creek,  granite  sepa- 
rates it  from  the  Arlington  formation. 

Age, — ^The  only  fossils  found  in  the  Taylorsville  formation  are 
sponge  spicules  in  the  cherty  shales,  and  the}-  are  not  distinctive. 
It  is  certainly  younger  than  the  Silurian,  which  it  unconformably 
overlies.  The  abundance  of  the  l)lack  chert  layers  is  significant  on 
account  of  the  fact  that  the  Devonian  strata  of  the  Redding  ([uad- 
rangle  of  Shasta  County,  al)out  100  miles  to  the  northw(\st,  are 
especially  cherty,  and  in  this  respect  contrasted  with  the  overlying 
formations  of  Carlxmiferous  age.  In  the  Taylorsville  region  i\\o  n(»xt 
horizon  of  sediments  above  the  Taylorsville  formation  is  the  Arlington, 
which  is  free  from  chert  and  is  prol)al)ly  of  (\xrboniferous  ag(\  The 
abundance  of  Devonian  sediments  ui  the  Redding  (juadranglc*  leads 
one  to  expect  them  at  this  horizcm  in  the  Taylorsville  region,  whose 
general  section  has  many  features  in  common  ^\\\^\  that  of  Shasta 
County,  and  it  is  probable  therefore  that  the  Taylorsville  formation 
is  Devonian  in  age. 
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CARBONIFEROUS. 
CALAVERAS  GROUP. 

The  Calaveras  group  was  named  by  Becker,  Lindgreiij  and  Turner 
in  their  survey  of  the  Gold  Belt  to  include  a  great  body  of  more  or 
less  altered  sandstones,  shales,  and  limestones  of  Carboniferous  age. 
It  is  widely  distributed  and  occupies  a  greater  area  than  any  other 
sedimentary  formation  in  the  Sierra  Nevada.  Turner  has  mapped 
the  Calaveras  in  the  Downieville  quadrangle,  from  which  it  extends 
directly  across  the  fortieth  parallel  into  the  Taylorsville  region. 

In  order  to  emphasize  the  essential  unity  of  this  succession  of 
sediments  in  the  Taylorsville  region  we  continue  to  use  the  term 
Calaveras  for  all  those  sediments  connecting  directly  with  the 
Calaveras  of  the  Downieville  (quadrangle.  But  to  bring  out  the 
areal  chstribution  and  possibly  also  slight  differences  in  age  of  the 
various  parts  of  the  Calaveras  in  the  Taylorsville  region,  it  is  sub- 
divided, largely  as  heretofore,"  into  the  Arlington  formation,  the 
Shoo  Fly  formation,  and  the  Peale  formation,  which  will  be  consid- 
ered separately  before  the  latest  Carboniferous,  the  Robinson  for- 
mation, is  taken  up. 

ARLINGTON  PORBfATION. 

lAthohgic  cJiaracter, — The  Arlington  formation  is  made  up  chiefly 
of  fine,  gray,  thin-bedded  sandstone,  with  some  shale  in  part  silicified 
and  a  few  beds  of  conglomerate.  It  may  be  considered  as  having 
three  members.  In  the  lower  member  yellowish  shales  prevail, 
grading  upward  into  shaly  and  thin-bedded  greenish-gray  sandstone, 
of  wliich  a  great  mass  constituting  the  middle  member  is  excep- 
tionally well  exposed  in  the  bold  escarpment  of  Arlington  Heights. 
There  is  a  narrow  belt  of  yellowish-gray  sandstone  in  the  upper 
portion  of  the  middle  member  that  is  somewhat  coarser  than  the 
rest  and  is  characterized  by  well-developed  spheroidal  weathering. 
It  is  composed  of  angular  grains  of  fresh  plagioclase,  with  a  smaller 
amount  of  augite,  green  hornblende,  and  magnetite.  Quartz,  if 
present  at  all,  is  not  common.  TMs  peculiar  sandstone'  bears  con- 
siderable resemblance  to  certain  tuffaceous  beds  found  in  the  Bragdon 
formation  of  the  Redding  quadrangle  of  California,  but  in  the  present 
case  no  definite  volcanic  material  could  be  recognized  either  in  the 
Held  or  under  the  microscope  to  prove  its  volcanic  origin. 

Ill  the  upper  member  slaty  gray  shales  arc  most  abundant,  \\'ith 
local  conglomerates  and  highly  silicified  red  jaspery  portions  near 
the  top.  The  slaty  shales  are  well  exposed  about  Crystal  Lake, 
where  they  occasionally  split  into  thin  slabs  several  feet  in  diameter. 
Li  the  summit  of  Houghs  Peak  the  silicification  is  extreme,  and  the 
mass  is  converted  into  red  and  gray  chert  veined  with  white  quartz 
associated  with  small  veins  of  magnetite  and  staining  of  hematite. 

^  Cii'Oiugy  ui  TaylorsviUo  regioxv.  UuVV.  Viv^A.^oc.  \\\vvit\v:w,Nvi\.i,  Hja2,  p.  372. 
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In  the  cliffs  along  the  western  border  of  Ciystal  Ijake  are  beds  of 
conglomerate  interstratified  with  the  slaty  shale  in  which  a  few  fos- 
sils have  been  found.  Most  of  the  pebbles  are  of  gray  chert,  but  a 
few  are  of  red  chert  and  sandstone,  and  locally  there  are  a  consider- 
able number  of  pebbles  of  a  holociystallino,  h}q)autoinoi-j)hic  granular 
igneous  rock  composed  largely  of  feldspar  with  less  chlorite  and  small 
amounts  of  magnetite  and  quartz.  The  chlorite  ])r()l)a])ly  represents 
original  augite.  The  feldspar  is  sometimes  (as  in  6696)  untwinned. 
Wlien  twinned  (as  in  6690)  they  appear  to  be  Carlsbad  showing 
only  two  bands.  Rarely  smaller  ])ands  appear,  but  evident  polysyn- 
thetic  twinning  is  certainly  not  present.  The  pebbles  of  igneous 
material  are  well  rounded,  waterworn,  and  veiy  largely  of  the  type 
noted  above,  which  for  the  ])resent  ma}^  be  called  (|uartz-augite  diorite. 

The  interbedded  slatt\s 
and  conglomerates  strike  X. 
36"*  W.  and  dip  54°  SW.,  and 
tlie  well-marked  slaty  cleav- 
age is  parallel  to  the  stratifi- 
cation. The  conglomerate 
is  not  cx)arse.  Its  laigest 
pebbles  are  rarely  over  4 
inches  through,  but  they 
have  all  suffered  decided  de- 
formation, which  reached  a 
maximum  in  the  plane  of 
cleavage.  The  rock  is  cut 
by  two  systems  of  joints; 
one  runs  N.  40°  E.  and  dips 
69°  SE.,  while  the  other 
strikes  N.  36°  W.  and  dips 
45°  NE. 

Joints  of  both  systems  cut 
directly  through  the  pebbles. 
On  the  first  system  the  p(»b- 
bles  have  been  greatly  elongated;  on  the  second  system  the  same 
pebbles  are  but  slightly  drawn  out,  and  the  greatest  deformation  in 
both  cases  lies  in  the  i)lane  of  cleavage.  Some  pebhk^s  are  embedded 
in  the  slates  and  there  often  fractured,  as  shown  in  fig.  .3  from  a 
photograph  illustrating  pel)l)le3  exposed  on  a  joint  of  the  northeast- 
southwest  system.  The  degrees  of  fracturing  rang(»  from  incipient 
cracks  on  the  upper  side  only  to  complete  fissuring  and  faulting,  as 
illustrated  in  fig.  4,  as  if  the  upper  part  of  the  pt^bbh^s  was  in  a  j)lane 
of  greater  motion  than  the  lower,  resulting  in  tlm  upper-side  fracturing 
of  many  pebbles  and  the  faulting  of  a  fc^w  havijig  the  ini])iicated 
faulted  parts  inclined  in  the  same  direction  a.s  the  slaty  cleavage. 


Fig,  3.— Side-fractured  p«b])lo  In  cougloiiierate  of  Cr>'s- 
tul  Lake. 
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Distribution  and  thiclcness, — The  Arlington  formation  has  its  great- 
est development  between  the  summits  of  Houghs  Peak  and  Houghs 
Creek.  From  tliis  point  it  extends  northwest  into  the  Lassen  Peak 
quadrangle  and  has  been  briefly  described  in  the  folio  of  that  quad- 
rangle. To  the  southeast  it  extends  with  diminishing  width  of  out- 
crop to  a  short  distance  l)ey()nd  the  fortieth  parallel  into  the  Downie- 
ville  quadrangle,  where  it  is  entirely  cut  off  by  the  volcanic  mass  of 
nu»ta-andesite  C  *  augite  i)oi'phy rite ' ' )  from  the  vicinity  of  Taylor  Rock. 
The  total  length  of  the  outcrop  is  a])Out  30  miles.  The  stratification 
is  clearly  marked  with  strike  northwest  and  southeast  and  dip  to  the 
southwest,  and  with  a  regidarity  that  indicates  conformability 
throughout  the  entire  succession  of  strata  having  a  measured  thick- 
ness of  5,700  feet. 

lielation  to  adjoining  formations. — ^The  Arlington  formation  on  the 
surface  is  completely  surroimded  by  igneous  rocks.  About  the  south- 
east end  and  on  the  south  and  southwest  the  formation  is  limited  by 
a  great  volcanic  mass  of  meta-andesite.     On  the  northeast  it  is  limite<l 

by  metarhyolito  and  serpentine 
In  the  Greenville  region,  but 
along  Houghs  Creek  it  is  bound- 
ed by  granodiorite.  All  of  these 
bordering  igneous  rocks  exc^i)t 
the  metarhyolite  are  younger 
than  the  Arlington  formation 
and  penetrate  or  overflow  it. 
They  separate  the  Arlington 
])eds  on  the  one  hand  from  the 
Tayloi-sville  formation  and  on 
the  other  from  the  Shoo  Fly 
l>eds  of  th(»  Calaveras.  In  general  position  the  Arlington  formation 
is  j)arallel  to  both  of  these  formations  and  lies  between  them. 

Fossils  and  age, — The  only  fossils  found  in  this  formation  were 
discovered  by  James  Stori-s'on  the  border  of  Crystal  Lake.  Girty 
re])()rts  from  this  locality  "crinoid  stems,  coral?,  Sfenoporaf  sp.,"^ 
and  remarks  that  it'^is  ])robably  Paleozoic,  Imt  possibly  not  Carbon- 
iferous." It  is  younger  than  the  Tryloi-sville  and  older  than  the 
Slioo  Fly  i)orti()n  of  the  Calaveras.  One  is  probably  Devonian  an<l 
tlio  other  a])parently  Carlxmiferous,  so  that  the  pro])able  age  of  the 
Arlington  is  either  late  Devonian  or  early  Carboniferous.  In  the 
Redding  region  there  is  a  great  thickness  of  early  Carboniferous  sedi- 
ments in  the  Baird  and  also  in  the  Bragdon,  which  is  poor  in  fossils 
below  and  in  some  respects,  as  already  ])ointed  out,  like  the  Aldington. 
It  is  possible  that  the  Arlington  and  Bragdon  represent  approxi- 
mjitiOy  the  same  horizon  of  (/arboniferous  below  th(»  great  limestimes 
of  tliat  svstem. 


Via.  4.- 


-Fiiultod  i)ol)l)Io  ill  s;:it y  conploinerato.  of 
Crystal  Lako. 
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8HO()    FI,Y   FORMATION. 

LUhohgic  character, — The  Shoo  Fly  formation  «  was  named  from  a 
locality  on  the  stage  road  between  CrosciMit  Mills  and  Quincy,  near 
the  bridge  crossing  Indian  Creek,  where  the  beds  are  well  exj)osed. 
They  consist  mainly  of  clay  slates  above  and  quartzite  below.  The 
clay  slates  are  light  to  dark  gray,  generally  dull,  but  sometimes  silky 
and  in  places  sUghtly  micaceous.  They  contain  occasional  films  of 
^ay  or  black  flinty  material,  as  well  as  thin  beds  of  sandstone  and 
fine  conglomerate  of  quartz  pebbles,  leaving  no  doubt  as  to  the  sedi- 
mentary origin  of  the  formaticm,  and  yet  one  finds  traces  here  and 
there  of  beds  composed  exclusively  of  volcanic  fragments,  some  of 
which  are  clearly  vesicular.  Near  the  middle  portion  are  lentils  of 
limestone,  some  of  which  attain  a  tliickness  of  over  50  feet  and  form 
ctmspicuous  ledges  on  the  spur  half  a  mile  east  of  Clear  Creek  Bridge. 

The  quartzites  which  prevail  in  the  upper  portion  of  the  formation 
are  thin  bedded,  somewhat  slaty,  and  indistinctly  schistose  with 
micaceous  partings.  On  a  fresh  fracture  \\w  (juartz  grains  are  bluish, 
but  the  rock  weathera  reddish.  Veins  of  white  (juartz  are  conunon 
and  locally  abundant  throughout  the  fornuition,  and  in  general  it 
may  be  said  that  the  Shoo  Fly  l>eds  are  more  afTecti»d  by  regional 
metamorphism  than  any  other  strata  in  the  Tayloi-sville  region. 

Areal  distribution  and  thickness, — The  Shoo  Fly  formation  occupies 
the  southwest  comer  of  the  Taylorsvilk*  region  and  is  well  exposed 
on  the  road  between  Shoo  Fly  Bridge  and  Spanish  Creek.  This  is 
part  of  the  large  area  to  the  west  and  south  around  American  Valley 
as  illustrate<I  by  the  areal  map  in  the  Downieville  folio  ])y  Turner. 

The  development  of  cleavage  in  the  Shoo  Fly  formation  has  ol)- 
scured  its  stratification  and  rendered  the  determination  of  its  thick- 
ness more  difiicult.  A  measured  section  makes  it  6,800  feet  tliick, 
but  this  is  probably  too  high. 

Relation  to  adjacent  formations. — The  Shoo  Fly  formation  is  every- 
where separated  from  the  i\jlington  by  a  wide  belt  of  meta-andesite 
of  volcanic  origin,  indicating  that  the  e|)ochs  during  which  the  two 
sets  of  beds  were  deposited  were  se|)arat(Ml  by  an  interval  of  contem- 
poraneous volcanic  activity.  The  general  dip  of  both  sets  of  strata 
Ls  to  the  northwest,  and  there  can  srarcely  bo  any  doubt  that  the  Shoo 
Fly  formation  overlies  the  Arlington  and  is  of  later  deposition. 

Age. — Traces  of  crinoids  were  the  only  fossils  found  in  the  Shoo  Fly 
formation  of  the  Taylorsville  n^gion,  but  a  f(»w  miles  to  the  south- 
west^near  Spanish  Kanch,  occur  characteristic  Carboniferous  fossils, 
such  as  Fumdinay  leaving  no  doubt  as  to  th(»  ag(»  of  that  ])orti()n  of  the 
Calaveras  group. 

flBoU.  C«ol.  ftnr.  Ameiic:i.  vol.  :<•  \^J^2.  pi».  JTJ -JT.V     In  th»«  l.jisson  IV:ik  folio  tlu-y  werv  inclinle»l  In 
the  CAUrermft. 
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PBALB   FORMATION. 


Liihologic  character. — In  lithologic  character  the  Peale  formation 
is  decidedly  variable.  Reddish  to  brown  slaty  shale,  sometimes  gray 
or  greenish,  passing  into  tuflFaceous  sandstone  and  fine  conglomerate, 
is  most  common.  The  fine  conglomerate  contains  much  volcanic  ma- 
terial, with  occasional  red  lapilli  and  small  lenses  of  calcareous  matter. 
Tliin  beds  of  gray  quartzite  occur  also,  and  masses  of  black,  gray,  or 
red  chert  form  prominent  ledges. 

The  tuflFaceous  beds  are  well  exposed  and  fossiliferous  on  the  horse 
trail  from  Wards  Creek  to  Peale  diggings,  also  beyond  Hosselkus  and 
to  within  about  a  mile  of  the  Lucky  S  road.  The  chert  is  best  exposed 
near  the  forks  of  the  road  just  east  of  Hosselkus,  where  there  is  a 
prominent  ledge  of  red  banded  chert  full  of  quartz  veins,  but  no  con- 
siderable amount  of  hematite  with  it  as  on  Houghs  Peak.  Red  sili- 
ceous slate  and  chert  occur  near  the  summit  along  the  trail  from 
Wards  Creek  to  Peale  diggings,  as  well  as  in  the  divide  at  the  head  of 
Hinchman  Ravine,  but  tlie  locality  for  most  conspicuous  banding,  like 
that  of  the  Marcjuette  iron-ore  region  of  Micliigan,  is  a  mile  northwest 
of  Evans  Peak  and  still  farther  in  the  same  direction  near  Keddie 
Lake.  At  the  last  two  locaUties,  which  he  beyond  the  limits  of  the 
Indian  Valley  Special  sheet,  the  Peale  beds  have  not  been  separated 
from  the  Robinson  formation. 

Areal  distribution  and  thickness. — ^The  Peale  formation  makes  a 
narrow  interrupted  belt  extending  from  Little  Grizzly  Creek  north 
across  the  fortieth  parallel  at  Peale  diggings,  on  the  divide  between 
Wards  Creek  and  Little  Grizzly  Creek,  then  somewhat  more  westerly 
across  Genesee  Valley  at  Hosselkus  to  the  divide  2  miles  northeast  of 
Mount  Jura,  where  it  is  covered  u]>  by  the  overlapping  Foreman  for- 
mation before  reaching  the  Lucky  S  road.  Small  masses  of  these  beds, 
cliiefly  red  chert,  adjoin  the  gravel  of  the  Taylor  diggings  and  form 
much  of  the  hill  at  the  head  of  Hinchman  Ravine.  In  Keddie  Ridge, 
northwest  of  Evans  Peak,  masses  of  chert  occur,  and  they  probably 
belong  to  the  horizon  of  the  Peale  formation,  but  were  not  separated 
from  the  Robmson,  which  occurs  in  the  same  region.  The  thickness 
of  the  Peale  formation,  measured  2  miles  east  of  the  summit  of  Mount 
Jura,  is  about  1,400  feet. 

Fossils  and  age. — Fossils  were  discovered  in  the  Peale  formation  by 
T.  W.  Stanton  along  the  trail  to  the  Peale  diggings  at  an  elevation 
from  4,500  to  5,000  feet.  Several  collections  were  made  by  others  at 
the  same  place  in  1893,  and  all  the  coll(H*tions  were  examined  by 
Charles  Schuchert,  who  reports  the  following: 


Ortliis  micholini. 
St  rcptorhyncliua  crenistria? 
AnilxxMi'lia  plani(;onveXi» 
Si)irif('r  Htriatius. 


Prod  net  us?  pp. 

r«'lo<ypo<l  like  Yoldia  or  Tieda. 

Phillipsia  sp. 

J  A  )pliophylhiin  pn)£\indum. 
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In  1904  Storrs  and  I  collected  a  number  of  fossils  near  the  same 
place.  They  were  examined  by  G.  H.  Girty,  who  re]>orts  (January 
12,  1905)  the  following  forms: 

Fusulina  sp.  Moekopora  sp. 

Crinoid  fragments.  St(*nopora  ?  sp . 

Fistulipora  sp. 

Girty  States  (May  18,  1905): 

I  have  also  examined  the  collection  upon  which  Mr.  Schuchert  reported.  The  fauna 
is  well  8ho\VTi  by  Mr.  Schuchert's  list,  and  i  regret  to  say  seems  to  j)088e8s  little  in  com- 
mon with  the  fossils  fn)m  the  same  area  reported  on  January  12,  1905,  which  I  exam- 
ined, and  also  with  thosc^  from  the  Robinson  beds.  In  fact,  if  this  faima  ])e  brought 
into  comparison  with  those  of  the  McCloud  River  section,  it  is  more  nearly  related  to 
the  Baird  fauna  than  to  those  of  the  McCloud  limestone  or  Nosoni  formation.  At  the 
same  time  I  am  not  prepared  to  definitely  correlate  the  material  examined  ])y  Mr. 
Schuchert  with  the  Baird,  as  many  of  the  characteristic  Baird  species  are  wanting. 

There  seems  to  be  no  doubt  that  the  Peale  formation  is  Carbonifer- 
ous, and  most  likely  older  than  the  Robiiison  formation,  to  be  noted 
presently.  In  the  Downieville  folio  the  Peale  formation,  which  ox- 
tends  south  of  the  fortieth  parallel,  was  mcluded  by  W.  II.  Turner  in 
the  Calaveras  fonnation,  and  in  the  Genesee  Valley  region  there  is  not 
sufficient  reason  for  their  separation. 

The  chert  near  Hosselkus  is  minutely  spotted  as  if  radiolarian.  In 
thin  section  the  microscope  reveals  the  fact  that  the  chert  contains 
many  spots  with  sufficient  structure  to  enable  ITlrich  to  determine 
their  radiolarian  origin.  No  trace  of  sponge  spicules,  such  as  are  so 
common  in  the  cherts  of  the  Grizzly  and  Taylorsville  formations,  was 
found. 

lielation  to  adjacent  forrnatians, — The  Peale  formation  is  almost 
completely  surrounded  by  igneous  rocks,  meta-andesites,  and  is  m  part 
made  up  of  pyroclastic  material  of  the  same  sort.  It  is  evident,  there- 
fore, that  it  represents  approximately  an  epoch  of  volcanic  activity, 
although  the  rock  by  which  it  is  immediately  enveloped  may  be  in 
large  part  intrusive.  This  appears,  at  least,  to  be  the  case  of  the  mass 
which  splits  the  belt  of  the  Peale  formation  into  two  parts  southeast 
of  Genesee. 

The  Peale  formation  dips  to  the  southwest  and  overlies  the  meta- 
andesite  which  separates  it  from  the  Robinson  formation  on  the  north- 
east, but,  as  will  be  explained  in  considering  the  Kobinson  formation, 
the  rocks  have  been  overturned.  Farther  northwest,  in  the  head  of 
South  Fork  of  Foremans  Ravine,  the  outcrops  of  jaspery  and  associ- 
ated rocks  cease,  and  the  Peale  formation  appears  to  run  luider  the 
Foreman  formation,  by  wliich  it  is  unconformably  overlapped.  Xo 
fossils  were  found  in  that  vicinity  and  the  contact  was  not  definitely 
traced. 
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ROBINSON  FORMATION. 

Lithologic  character, — ^Tho  Robinson  formation  includes  a  succession 
of  varial)le  sediments  ranging  from  shale  to  conglomerate  and  com- 
posed chiefly  of  igneous  material  with  occasional  lentils  of  limestone. 
The  most  characteristic  portion  is  a  gray  sandstone  which  weathers 
reddish  brown.  It  contains  more  or  less  disseminated  carbonates  of 
lime  forming  small  lentils  up  to  15  feet  in  thickness.  Microscopic 
examination  shows  that  the  sand  of  which  it  is  composed  is  largely  of 
volcanic  material,  and  includes  traces  of  crinoids,  with  occasional 
bryozoa  in  many  cases,  even  when  they  can  not  be  seen  with  the 
unaided  eye.  Below  the  calcareous  horizon  the  reddish-brown  tliin- 
bedded  tuffaceous  sandstone  and  shale  extend  to  the  bottom  of  the 
formation.  Above  that  horizon  the  pyroclastic  material  becomes 
somewhat  coarser  and  passes  into  a  tuffaceous  conglomerate  contain- 
inji;  fossil  if erous  limestone  nodules  and  beds  of  reddish-brown  sand- 
stone, here  and  there  with  crinoid  stems  like  that  of  the  principal 
horizon  below.  Crystals  of  feldspar  are  common  and  sometimes 
prominent  in  this  tuffaceous  rock,  giving  it  the  general  aspect  of  a 
solid  lava  flow,  and  there  is  good  reason  for  surprise  on  finding  in  it 
distinct  impressi<ms  of  gasteropods,  spirifers,  corals,  and  crinoids. 

Area!  diMrilmtion  avd  thickness. — The  Robinscm  formation  forms  a 
subdivided  and  greatly  interrupted  belt,  extending  from  4  miles  south 
of  the  fortieth  parallel  on  Little  Grizzly  Creek  northwest  across  Gene- 
sec^  Valley  and  the  Lucky  S  min6  road  divide,  and  disappears  before 
reaching  North  Arm  of  Indian  Valley.  Beyond  Evans  Peak  it  reap- 
pears, extending  alcmg  the  slope  of  Keddie  Ridge,  as  shown  in  PI.  V, 
to  its  northern  end,  beyond  Dyer  Peak,  where  it  sinks  beneath  the 
lavas  of  Lassen  Peak.  The  width  of  the  belt  is  from  one-half  to 
1  \  miles,  and  the  total  length  is  nearly  30  miles. 

The  belt  is  divided  -longitudinally  by  volcanic  rocks  into  two  sub- 
ordinate belts,  which  cross  Genesee  Valley  at  the  ranch  known  as 
Rol)inson's,  from  which  the  formatitm  is  named.  On  the  north  side 
of  Genesee  Valley  the  rocks  of  this  formaticm  make  up  the  mound 
east  of  the  Rol)ins()n  house  and  the  point  crossed  by  the  road  west  of 
the  house.  At  the  last  locality  the  brown  calcareous  sandstones  and 
tuffs  iuv  full  of  fossils.  The  outcrop  passes  between  the  two  ledges 
of  the  IFosselkus  limestcme  and  follows  the  western  lK)rder  of  that 
hrn(\si()ne  northwest  beyond  Ilosselkus  Creek.  It  is  cut  off  by 
metn-andesite  along  the  summit  of  the  divide,  but  reappears  and 
shortly  ends  on  the  north  side  in  a  ravine  leading  down  to  Peters 
Cnu'k.  Several  nu'les  farther  northeast  on  Peters  Creek,  running  up 
from  the  trail  at  an  altitude  of  about  4,500  feet,  there  is  a  small  mass 
of  characteristic  reddish  and  gray  tuffaceous  sandstone  enveloped  by 
i<]:neous  rocks.  The  characteristic  little  fossils  it  contains  leave  no 
(lonl)t   as  to  its  identity.     Similar  sandstones  were  found  at  other 
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points  along  Peters  Creek,  but  thin  sections  revealed  no  microscopic 
fossils.  Isolated  outcrops  of  Robinson  beds  occur  also  near  the 
fortieth  parallel  among  the  tributaries  of  Wards  Creek. 

The  thickness  of  the  Robinscm  format icm  measured  a  short  distance 
north  of  Genesee  Valley  is  1,150  feet.  At  that  point  the  structure 
is  complex  and  the  exposure  not  complete,  but  the  total  thickness 
can  not  be  much  greater. 

Fossils  and  age. — ^The  first  fossils  collected  from  the  Rolunson 
formation  were  probably  obtained  by  Ashbumer,  Brewer,  and  King 
in  1801,  but  sufficient  characteristic  fossils  to  determine  the  horizon 
were  not  obtained  until  1890,  when  Cooper  Curt-ice  visited  the  region 
and  discovered  many  new  localities  of  Mesozoic  and  Paleozoic  fossils. 
Since  then  a  large  number  of  fossils  have  been  collected  at  various 
points  from  the  Robinson  fomiaticm,  chiefly  from  the  red(h'sh-l)rown 
sandstone  and  tuff  on  the  first  spur,  about  half  a  uiile  northwest  of 
the  Robinson  house. 

I)eceml)er  S,  1801,  C.  D.  Walcott  reported  the  following  fossils  from 
the  Robinson  IcK'.ality: 


Cainp^jphyllum  ?  sp. 
Favrwitcs  pp. 
CrinoidH. 
ArrhiwK'idaris. 
Fonestella  2  sp.  undet. 
Strepti)rhynchu«  crenistria. 
PnMliicturt  seniireticulatiis. 
PitKliK'tus  punotaliifl  ? 
Spirifor  lineatus? 

From  esvsentially  the  same  locality  wStorrs,  in  1004,  collected  fossils 
numl>ered  6SS5  and  0886,  among  which  Girty  identified: 


Spirifor  nimenitus. 
Rhynch(>n<»lla  sp. 
Meokella  like  striaticoslata  Cox. 
Aviciilipocton  2  sp. 
Avi<'ulipocten  intorlinoatus. 
Myidina  of  sulKpiadrata  tyi)e. 
Edmondia  sp. 
Pleiinitoriuiria  sp. 


Dielasma  ?  sp, 
A<'tin()str()ma  ??  sp. 
Stromal ()iK)ni  ??  sp. 


ralc'aref)U8  alga*? 
Fiiflulina  elongaU  Shum. 
Ijophophylliim  n.  sp. 
Squainularia  near  S.  giiadaluponms. 

Half  a  mile  northwest  of  the  Robinson  lo(»,ality,  on  the  west  of  the 
ridge,  at  an  altitude  of  4,700  feet,  in  approximately  the  same  beds, 
more  fossils  were  collected  (No.  0740),  am<mg  which  (firty  (January 
12,  1005)  recognized: 


Squaimdaria  v{.  S.  ^iiadalup<'nsis 
Spiriforina  n.  sp. 
Aviculiporton  sp. 
Pscudomonolis  ?  sp. 


C'alciiroouH  alpr? 

FiiMiliiia  «p. 

Riig()80  coral  ? 

AffhaHM'idarifl  Bp. 

RhonilK)pora,  lepidcKlendnndes  pn^up.        ,  Myoconcha  ?  sp. 

Spirifor  Hp.  lndotoriTiina])l('  forms. 

In  the  collections  from  tlie  conglomerate  (07.^2-0734)  IxMween  the 
two  localities  note<l  above  Girty  found: 

Aiiloporapp.  Khoin])op()ra,  typo  of  lo]>i<lo«l<Mi(ln»i<los. 

Striatopnra  n.  np.  l-rO])hopliylluni  ?  sp. 

OystrxHctya Bp.  I  Slroptorhyiichoi<l  ImuliinpiHl  ? 
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Some  of  the  fossiliferous  limestone  nodules  in  the  conglomerate 
looked  like  pebbles,  but  their  occurrence  in  fine  beds  interstrati%d 
with  the  conglomerate  shows  that  the  calcareous  nodules  are  in^i^- 
enous  and  not  derived.  The  above  lists,  as  far  as  I  am  aware,  coo- 
tain  the  only  fossils  thus  far  determined  from  the  type  locality  of  ^e 
Kobinson  formation  im  the  north  side  of  Genesee  Valley. 

South  of  Genesee  Valley,  near  the  Five  Bear  mine  on  the  west  side 
of  Wards  Creek,  G.  II.  Goodhue  foimd  in  the  Robinson  belt  some 
imperfect  fossils  among  which  Girty  recognizes  the  ^  dorsal  valve  of 
a  brachiopod  belonging  to  the  genus  MeekeUa,  though  possibly  it 
might  be  a  Oeyerella.^'  This  locality  is  just  west  of  the  mill  of  the 
Five  Bear  mine,  and  the  material  looks  promising  for  the  collector. 

Four  miles  south  of  the  fortieth  parallel,  on  Little  Grizzly  Creek, 
at  the  southern  end  of  the  Robinson  belt  as  mapped  by  H.  W.  Turner 
in  the  Downieville  folio,  a  number  of  fossils  were  collected  at  various 
times  l)y  Curtice  and  Stanton.  Girty  has  recently  examine<l  the 
collections  and  re])orted  the  following  forms : 

Crinoid  steins. 
Archceocidarirt  sj). 
Craiiiii  sp. 


Schizophoria  sp. 

Ortliotetes  ?  sp. 

Meekella  sp. 

Choiiotes  II.  sj). 

Product  us  scjinircticulatua  ? 


Marginifefa  u.  sp. 
Spirifer  aff.  S.  cainoratns. 
Spirifer  ap. 
Spiriferina  aff.  R.  pulchra. 
Squamularia  lineata  ? 
Pugnax  ?  sp. 
Rhyuchouella  sp. 
Myalina  sj). 


Siii('(»  th(»  Rol)ins()n  formation  was  named  ^  the  extensive  develop- 
ment of  tlie  v^urboniferous  in  the  McCloud  River  region  of  California 
has  been  studied  and  subdivided  into  Xosoni,  McCloud,  Baird,  and 
Bra<,^(l()n.  The  Genesee  and  McCloud  localities  are  over  100  miles 
apart,  and  from  a  paleontoiogical  point  of  view  Girty  has  given  the 
follow ni<;  stat(^ment  ('(mcerning  their  correlaticms: 

Tlic  launa  of  tlic  R()])ins()n  ])eds  is  varied  and  intere»jting,  although  always  pre- 
served so  as  to  make  its  siiidy  a  difficult  matter.  Comparing  it  with  the  three  well- 
eliaracterized  faunas  of  the  MeCloud  River  section,  those  of  the  Baird,  McCloud,  and 
Nosoni  formations,  one  r(»adily  discovers  a  rather  close  corresjiondenre  to  the  Noeoni 
fauna,  wliile  nothing'  rvsemhling  the  fauinus  ol  llie  liaird  and  McCloud  formations  lias 
yet  l>cen  found  in  tlie  Rol)inson  ]y{}dii.  As  many  sj)ecies  lU'e  common  to  the  two 
formations,  tlio  evidences  at  hand  certainly  favors  correlating  the  Rohinson  with  the 
Nosoui. 

The  fauna  from  Little  (Jrizzly  Creek,  while  sliowing  certain  differences  from  the 
typical  Rol)ins()n.  ])r()l)al)ly  Ix-loni^s  to  the  same  horizon.  It  is  at  leaat  not  the  fauna 
of  the  liaird  or  McCloud. 

In  the  fore<^oin<^  lists  of  Girty  "calcareous  al<^a^"  refers  to  a  very 
iiiiniit(\,  almost  niicroscopic,  fossil  iirst  discovered  in  t he  Carboniferous 
limestone  of  the  Klamath  Mountains.''     Thev  occur  abundantlv  in 


<;(»,<)1.  S<K'.  Aino.rica,  vol.  ;i,  ls\r2,  p.  Mi.  h  Am.  .I«.iir.  Sci  ,  vol.  20,  VtiXi,  p.  349. 
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portions  of  the  Robinson  beds  and  were  referred  to  David  Wliite  for 
examination.     His  report,  dated  December,  1905,  is  as  follows: 

Alter  examining  excellent  sections  of  the  pe(>uliar  little  fossils  in  the  limestone 
from.  California,  I  am  dispoBed  to  legard  them  as  foramiuiferal  and  having  nothiiig 
whatever  to  do  with  plants.  The  organisms  seem  to  bo  composed  of  snccessively 
enlarged  chambers  in  linear  arrangement,  although  the  two  or  three  earlier  chambers 
occaaonally  show  a  relative  position  suggesting  spirality.  The  central  area  of  each 
cliax]&f>erwall  is  somewhat  irregularly  perforated  after  the  manner  of  various  foraminif- 
erargenera.  These  jKjrf orations  are  irregular  in  form  afid  appear  to  have  thickened 
margins  with  a  greater  or  less  amount  of  columnar  development.  The  external  surfaces 
of  the  chamber  walls  do  not  seem  under  ordinary  magnification  to  exhi])it  either  the 
perforations  or  the  structure  which  are  to  ]>e  expected  in  coralline  algae. 

While  possessing  no  systematic  knowledge  of  the  Foraminifera,  I  venture  the  opinion 
that  the  species  is  distinct  from,  though  probably  relateil  to,  Loftuna  columhiana, 
though  at  the  same  time  I  sliould  question  its  reference  to  the  genus  Loftusia. 

The  only  closely  related  fossil  reported  elsewhere  in  the  Carbonif- 
erous of  the  Sierra  Nevada  is  noted  bv  Turner  in  the  Bidwell  Bar 
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FlO.  5. — Sections  of  Hpurs  north  of  Genesee  Valley  near  Robinson's.  1,  Swearinger  slate;  2,  llossellcus 
limestone;  3,  Robinson  formation;  4,  contact  xone  (homfels);  T),  granodlorite;  (»,  Reeve  nieta-andesite 
and  tuff;  7,  Taylor  meta-andesite. 

folio,  page  3,  from  Edmanton,  about  10  miles  southwest  of  Quincy. 
The  original  specimens  on  wliich  Schuchert's  determination  was  based 
are  not  available  for  comparison,  but  it  is  not  improbable  that  they 
are  identical  with  those  of  Genesee  Valley  and  Klamath  Mountains 
and  that  the  Robinson  formation  occurs  at  Kdmanton. 

Relation  to  adjacent  formations. — The  older  rocks  to  which  the 
Robinson  formation  is  related  are  the  Taylor  meta-andesite  and  the 
Peale  formation  upon  the  southwest,  while  the  newer  beds,  the 
Hosselkus  limestone,  Swearinger  slate,  and  Trail  formation,  lie  upon 
the  northeast.  First  as  to  the  older  formations.  As  stated  in  con- 
nection with  the  Peale  fonnation,  they  are  separated  from  the 
Robinson  formation  by  a  belt  of  Taylor  meta-andesite.  It  is  a 
volcanic  rock  with  pronoimced  porphyritic  structure.  In  some 
places  the  most  prominent  j)henocrysts  are  plagioclase:  at  others 
they  are  augite.    The  tuffaceous  conglomerate  und  ^>i\idsXv5\i^  vA  \}cl^ 
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Kohiiisoii  formation  are  composed  almost  wholly  of  volcanic  material 
erupted  in  connecticm  with  the  effusion  of  the  mass  of  meta-andesite. 
They  dip  to  tlie  southwest  beneath  the  sheet  of  volcanics  which  was 
the  source  of  their  material.  That  they  have  been  overturned  is 
demonstrated  not  only  by  this  inverted  succession  but  also  bj'  the 
fact  that  both  the  mcta-andesite  and  the  Robinson  formation  (Hp 
southwest  beneath  the  Peale  beds,  which,  as  the  fossils  show,  are 
of  still  greater  age. 

The  relation  of  the  Robinscm  formation  to  the  newer  strata,  the 
Ilosselkus  limestone  and  Swearinger  slate,  which  lie  mainly  upcm  the 
northeastern  border,  is  shown  in  fig.  5,  A  and  B,  which  illustrates  a 
section  running  across  the  points  of  limestone  a  mile  and  a  half  north- 
east of  Genesee.  In  that  locality  the  Robinson  beds  evidently  lie 
imconformably  beneath  all  the  later  formations  with  which  they 
come  into  contact. 

TRIASSIC. 
ilOSSKLKl  S  LIMKSTO.NK. 

Liihologic  character, — The  Ilosselkus  limestone  is  dark  blue  on  fresh 
fracture,  but  weathers  light  gray,  and  ctmtains  a  few  veins  of  white 
calcite.  It  is  thin  bedded  and  in  some  places  decidedly  slaty,  forming 
prominent  ledges  on  the  divide  between  Genesee  Valley  and  Ilosselkus 
Creek,  a  mile  northeast  of  the  Ilosselkus  ranch,  from  wliich  the  lime- 
stone was  named.  It  is  well  charact-erized  by  small  ammonites. 
Although  they  are  not  only  unconmion  but  indistinct,  yet  they  readily 
serve  as  a  means  of  distingiushing  this  limestone  from  any  other. 
In  the  Kedding  region,  where  this  limestone  is  particularly  well 
({(^voloped,  the  u])per  part  is  lighter  colored  and  more  massive,  with  u 
spirifer-like  shell,  and  the  lower  part  thinner  bedde<l  and  darker, 
with  small  coiled  forms,  but  in  the  Taylorsvi lie  region  no  such  differ- 
ences are  apparent. 

DlMnhuiion  and  thickness, — The  most  important  outcrops  of  this 
limestone  are  on  the  divide  already  indicated  north  of  the  Robinson 
|)lace.  It  forms  two  hills  on  the  crest,  running  nearly  northeast  for 
half  a  mile,  then  turns  northwest  and  crosses  the  valley  of  Ilosselkus 
Creek,  but  scum  disappears.  This  continuous  exposure  is  only  about 
12  miles  in  length,  but  an  isolated  outcrop  occurs  at  each  end  along  the 
strike,  one  at  the  head  of  a  ravine  tributary  to  Peters  Creek  and  the 
other  wiWY  the  road  a  mile  east  of  Ilosselkus,  increasing  the  total 
l(Miirtli  of  exposure  to  about  6  miles  but  not  extending  it  beyond 
North  Arm  to  the  northwest  or  Genesee  Valley  to  the  southeast. 

Sev(»ral  isolated  outcrops  of  the  Ilosselkus  limestone  occur  (m  the 
lower  sl()|)e  of  Grizzly  Mountains,  a  mil(»  southwest  of  the  mouth  of 
Little  Grizzly  Creek.  They  contain  irregular  patches  of  cherty  matter 
and  traces  of  crinoid  stems,   both  round  and  pentagonal.     These 
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outcrops  are  approximately  in  line  and  make  an  exposure  nearly  a 
mile  in  length.  The  general  strike  is  N.  5°  E.,  and  the  di[)  70°  NW. 
into  Grizzly  Moimtains.  Over  50  feet  of  limestone  are  exposed. 
Traces  of  red  beds  occur  at  its  base,  though  it  is  for  the  most  [)art 
directly  in  contact  with  the  meta-andesite.  Just  above  the  limestone 
black  flinty  material  occurs  which  suggests  some  of  the  Swearinger 
slate,  and  judging  from  the  size  and  character  of  the  limestone,  as 
well  as  its  fossils  and  association,  there  appears  to  be  little  doubt 
that  tliis  mass  really  belongs  to  the  Ilosselkus  limestone. 

Notwithstanding  its  restricted  occurrence  in  the  Taylorsville  region, 
it  is  more  widely  distributed  to  the  northwest  in  the  Lassen  Peak 
quadrangle,  where  it  is  included  with  other  secUments  in  the  Cedar 
formation.  In  the  Redding  c^uadrangle,  where  it  has  its  greatest 
development,  it  is  rich  in  fossils  and  remarkable  for  its  lenticular 
character.  The  greatest  tliickness  of  the  Ilosselkus  limestone  in  the 
Taylorsville  region  is  about  140  feet. 

FossiU  and  age, — The  fossils  collected  from  this  limestone  by  Pro- 
fessor Hyatt  and  others  in  the  Taylorsville  region  have  not  yet  been 
fully  worked  up.     A  partial  list  is  given  by  Hyatt:  <* 

I.  Arcestes — phylum  of  A.  tomati. 
Arcestu — phylum  of  -4.  (jaleaii. 
Arceste» — phylum  of  A.  bicarinati. 
Arcest€9 — phylum  of  A .  sublabiati. 

BofiiolUes,  allied  to  B.  eryx  Mojsis. 

JuvaviteSy  allied  to  J.  erlichi  Mojsi8. 

Tropite^y  may  l)e  young  of  species  oe<"urring  iu  Ilalob'm  ulates. 

AiradiUs, 

ArcesUs  (I)  is  very  a])undant,  Imt  whether  th(?  other  forms  are  abundant  (»r  not  it 
!»  <lifficult  to  say  at  prc^sent.  The  materials  gathered  show  that  the  rock  is  full  of 
fuHHils,  but  thiwe  can  not  hv  ol)tained  in  any  reivscmable  tim(»  by  means  of  surface 
work.  lJc*8idi»8  the  species  mentioned,  there  is  a  form  of  Arrochordiccras,  with  finer 
coBtui  than  those  occurring  in  the  Muschelkalk,  a  poasibh?  Balatonites,  like  B.  iraagenl 
of  the  None,  and  8om(^  other  fragments  of  ceratitime,  all  indicating  a  fauna  rich  in 
ammonoids,  which  will  some  day  yield  a  g»K)d  harvest  to  patient  work. 

Professor  Hyatt  concludes  that  the  age  of  the  Hosselkus  limestone 
as  in<licated  by  the  fossils  is  upper  Triassic.  To  this  list  Sjfirifcrina 
and  fish  vertebra,  as  determined  by  Stanton,  were  added  last  sum- 
mer. Tliis  limestone  has  not  yet  been  thoroughly  examined  for  rep- 
tilian remains,  such  as  J.  C.  Merriam  has  found  in  the  Redding  (jiiad- 
ranglc;  but  as  the  limestone  of  the  Taylorsville  region  is  more  aUered 
and  much  less  fossiliferous,  reptilian  remains  are  l(»ss  likely  to  occur. 
In  the  Redding  regiim  the  more  massive  upper  portion  of  the  Ilossel- 
kus limestone  is  characterized  by  the  presejice  of  Spinferinay  while 
the  lower,  darker,  thin-bedded  portion  often  aboiuids  in  small 
ammonites.  In  the  Taylorsville  r(»gi<m  an  attem])t  was  made  to 
determine  the  upper  and  lower  sides  of  the  limest(me  by  its  fossils. 

aBuU.  G«ol.  Soc.  America,  vol.  3,  l«r2,  pp.  '«in:Mi». 
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Spiriferina  was  found  at  only  one  point  on  the  side  adjoining  the 
Swearinger  slate.  In  tliis  respect  it  agrees  with  the  Redding  region, 
and  tends,  as  we  shall  show  later,  to  confirm  the  view  that  the 
Ilosselkus  limestone  on  the  crest  of  the  divide  north  of  Genesee  Val- 
ley is  overturned.  It  should  be  noted,  however,  that  the  small  coiled 
forms  of  Arcestes  are  most  abundant  on  the  same  side,  which  does  not 
strength(»n  the  view  concerning  the  Spiriferina. 

Hclation  to  the  Rohinson  formation. — Tlie  reference  of  the  Hosselkus 
linioston(»  to  the  upper  Triassic  and  the  Robinson  formation  to  the 
upp(»r  Carl)oniferous  indicates  a  decided  gap  between  them,  a  gap 
which  is  at  least  ])artially  filled  in  the  more  complete  section  of  the 
Redding  region,  where  a  great  thickness  (over  1,000  feet)  of  andesitic 
and  rhyolitic  lavas,  yAi\\  1,500  feet  of  overlying  shales,  sandstones, 
and  tulFs  of  Triassic  age,  comes  between  the  horizon  of  the  Robinson 
formation  and  that  of  the  Ilosselkus  limestone.  It  is  evident,  there- 
fore, that  in  the  Taylorsville  region  there  is  a  decided  interruption 
between  the  Ilosselkus  limestone  and  the  Robinson  formation.  It  is 
j)ossible,  howTver,  that  their  contact  in  the  Taylorsville  region  is  a 
plane  of  displacement,  and  that  the  formations  of  the  Redding  region 
missing  in  the  Taylorsville  regicm  may,  in  part  at  least,  be  thus 
accounted  for.  This  matter  will  be  considered  more  in  detail  in  the 
discussion  of  the  relation  of  the  Swearinger  slate  to  adjacent  forma- 
tions.    (See  fig.  5.) 

SWKARINGKR  SLATK. 

Llthologlc  character. — The  Swearinger  formation  is  composed  cliiefly 
of  (lark  slaty  shale,  sometimes  becoming  more  or  less  calcareous  and 
at  others  decidedly  siliceous,  but  the  thin  beds  of  limestone  or  chert 
form  only  a  snuill  proi)ortion  of  the  whole  mass.  In  the  side  of  the 
S\vcaring(»r  slate  adjoining  the  Ilosselkus  limestone  thin  lenticular 
l)c(ls  of  limestone  become  more  abundant.  They  are  generally  dark, 
with  irregular  cherty  or  sandy  layers,  and  fossiliferous. 

Distribution. — The  Swearinger  slate  has  a  very  limited  distribution 
in  the  Taylorsville  region.  Its  best  exposure  is  im  the  spur  which  we 
called  ''  Triassic  si)ur,''  ruiuiing  up  from  Swearinger's  house  and  spring 
to  the  ])oint  of  IFosselkus  limestone  near  the  crest  where  the  area 
(Iivi(l(»s.  A  small  ])art  keeps  southwest  of  the  limestone  and  crosses 
over  to  th(^  spur,  wliicli  is  chiefly  of  Kol)inson  beds.  On  tiiis  spur, 
wiiich  has  l)ecn  called  the  "Carboniferous  spur,''  near  the  limestone 
is  the  locality  of  Hyatt's  ''Ilalohia  l)e(l/'  while  the  Monotis  bed, 
DaoinUa  bed,  and  Hhahdoaras  l>ed  of  Hyatt  are  on  the  "Triassic 
spur.'' 

The  main  l)ody  of  the  Swearinger  slate  extends  north  along  the 
eastern  or  northeastern  side  of  the  Ilosselkus  limestone  for  about  2\ 
miles  from  (ien(*see  A'all(»y,  gradually  naiTowing  to  the  northwest  and 
finally  disa]>j>earing.     It  could  not  be  found  along  Ilosselkus  Creek, 
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where  the  Trail  formation  comes  into  contact  with  the  Ilosselkus  lime- 
stone, nor  south  of  Genesee  Valley,  where  the  Trail  formation  comes 
in  contact  with  the  Robinson.  The  outcrop  of  the  Swearinger  slate 
in  the  Taylorsville  region  is  limited  along  the  strike  to  a  distance  of 
less  than  3  miles  and  a  width  where  greatest  of  about  a  tliird  of  a 
mile.  Along  the  eastern  border  it  is  much  altered  in  contact  with 
the  granodiorite  of  the  region. 

Thickness. — The  greatest  thickness  of  the  Swearinger  slate  exposed 
along  Genesee  Valley,  where  measured,  is  about  200  feet,  but  the 
amount  cut  off  by  the  granodiorite  or  covered  by  the  overlapping 
Trail  formation  we  have  no  means  of  estimating  except  by  comparison 
with  formations  of  the  same  horizon  in  other  regions;  such  compari- 
son indicates  that  the  thickness  is  probably  not  over  400  feet. 

Fossils  and  age, — The  fossils  of  the  Swearinger  slate  were  discovered 
and  described  by  the  Geological  Survey  of  California  imder  Prof.  J.  D. 
Whitney.  Our  knowledge  of  the  fauna  was  greatly  extended  by  Prof. 
Alpheus  Hyatt,  who  has  published^  lists  of  the  forms  found  in  the 
subordinate  paleontological  horizoiLs  within  the  formation.  They 
need  not  be  repeated  here  except  to  note  that  the  form  from  these 
beds  once  regarded  as  Monotis  suhdrcularis  is  now  considered  by  J.  P. 
Smith  and  others  to  be  Psevdomonotis,  Professor  Hyatt  regarded  the 
Swearinger  slate  as  belonging  to  the  upper  Triassic,  ecjuivalent  to  the 
upper  Noric  of  the  Alpine  Triassic,  and  as  far  as  I  am  aware  this  refer- 
ence has  not  been  changed  essentially  by  the  somewhat  later  researches 
of  Professor  Smith. 

Relation  to  adjacent  formations. — The  general  dip  of  the  Swearinger 
slate  is  to  the  southwest  beneath  the  Hosselkus  limestone,  and  on 
this  account  it  was  at  first  supposed''  to  be  older  than  the  Ilosselkus 
limestone.  In  the  Redding  quadrangle  of  Shasta  County,  where 
these  Triassic  rocks  are  extensivel}'  exposed  and  much  less  disturbed, 
Prof.  J.  P.  Smith  discovered  that  the  Pseudomonotis  horizon,  corre- 
sponding to  at  least  part  of  the  Swearinger  slate,  is  above  instead 
of  below  the  Hosselkus  limestone.^  A  study  of  the  same  region  as 
set  forth  in  the  Redding  folio  confirms  us  in  the  same  ()j)inion,  and 
shows  that  in  the  Taylorsville  region  the  Triassic  has  been  over- 
turned, reversing  the  natural  order  of  superposition.  Everywhere 
the  Swearinger  slate  and  the  Hosselkus  limestone  are  essentially 
conformable.  In  the  Taylorsville  region  they  do  not  appear  coex- 
tensive, but  this  lack  may  be  due  to  displacement. 

The  only  other  sedimentary  formation  with  which  the  Swearinger 
slate  comes  in  contact  is  the  Robinson,  and  jud«:ing  from  their  faunal 
relations,  belonging,  respectively,  the  one  to  the  top  of  the  Triassic 
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and  the  other  near  the  top  of  the  Carboniferous,  they  must  be  in 
unconformable  contact,  and  the  discordance  must  represent  a  time 
interval  of  long  duration,  an  interval  which  is  represented  in  the 
Redding  region,  as  already  explained,  by  a  great  thickness  of  lavas 
overlain  by  1,500  feet,  chiefly  of  shales — the  Pit  formation,  belonging 
to  the  middle  Triassic.  The  conformity  of  the  Swearinger  slate  and 
the  Ilosselkus  limestone  and  the  unconformity  of  both  on  the  Robin- 
son formation  is  shown  in  fig.  5,  A  and  5,  which  illustrates  a  section 
near  Robinson's  place. 

Beginning  with  the  limestone  on  the  left-hand  spur,  where  it  has 
been  burned  for  lime,  we  find  it  contains  fossils  that  identify  it  with 
the  Ilosselkus  limestone  of  the  next  two  spurs  to  the  east.  This 
spur  is  made  up  chiefly  of  slates  in  which  no  fossils  have  been  found. 
The  first  ravine  toward  the  right  is  cut  in  meta-andesite,  the  eastern 
side  of  which  is  tuffaceous  and  belongs  to  the  Robinson  formation. 
The  tufi"  and  calcareous  sandstone  both  contain  an  abundance  of 
Carboniferous  fossils,  and  in  connection  with  the  tuflFaceous  con- 
glomerate which  underlies  the  sandstone  they  form  the  second  spur 
of  the  section,  fig.  5,  A,  up  to  an  elevation  of  4,500  feet.  Above  that 
point,  as  shown  in  fig.  5,  Bj  the  spur  is  composed  of  Ilalohia  beds  of 
the  Swearinger  slate  overlain  by  the  Ilosselkus  limestone,  and  both 
are  fossiliferous.  They  form  an  arch  over  the  spur  to  both  ravines, 
down  wliich  they  extend  far  enough  to  appear  in  fig.  5,  A,  The 
strike  of  the  Robinson  formation  on  the  lower  part  of  the  spur  carries 
them  uii'onformably  heueath  the  Triassic  arch,  and  it  is  evident  that 
tlie  line  of  contact  between  Paleozoic  and  Mesozoic  is  one  of  displace- 
ment, along  which  the  overturned  Triassic  was  shoved  eastward  across 
the  truncated  edges  of  the  Robinson  formation.  The  local  disajv 
])earance  of  the  Swearinger  slate  between  the  Ilosselkus  limestone 
and  the  Robinson  formation  is  most  likely  due  to  displacement. 

jruAssic. 

<a:.NKKAL  A(T(H  NT. 

There  are  seven  Jurassic  formations  of  the  Taylorsville  region. 
Tlie  'i'rail  formation  is  tlie  oldest;  tlien  follow  the  Ilardgrave  sand- 
stone, Tli()m])s()n  liiueston(\  Mormon  sandstone,  Bicknell  sandstone, 
lliiicliinaii  tufl",  and  Foreman  formation  in  regular  succession.  With 
the  exce])tion  of  llie  last  their  surface  (listril)ution  is  limited  to  a 
cum])aratively  small  nrea  about  Mount  Jura,  and  to  facilitate  matters 
it  may  he  stated  liere  tJiat  llu^  wlioh*  set  of  beds  have  been  overturned 
and  that  tlu^  Ilardgrave  sandstone  a])|)arently  lies  on  top.  In  their 
attitude  they  are  like  tlie  Triassic  and  Carboniferous,  already  de- 
scribed.    The  strike  is  northwest  and  the  dip  southwest. 
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TRAIL  FORMATION. 

Liihohgic  cTuiracter. — ^The  Trail  formation  includes  a  mass  of  strata 
coniposed  largely  of  slaty  shales  with  some  interbeckled  sandstones 
and  conglomerates.  It  is  well  exposed  along  Ilosselkus  Creek  on  the 
trail,  hence  the  name.  The  shales  are  often  purplish  or  red,  but  per- 
haps more  frequently  gray,  with  pencil  structure  locally  developed, 
-  and  contain  in  places  numerous  cherty  nodules  of  carbonate  of  lime. 
Well-marked  slaty  structure  is  not  uncommon.  The  sandstones  are 
generally  fine,  often  somewhat  slaty,  are  thin  bedded,  and  vary  from 
gray  to  almost  black.  The  conglomerates  of  slate  and  sandstone 
pebbles,  sometimes  3  inches  in  diameter,  generally  contain  much 
volcanic  material.  Approaching  the  contact  with  the  granodiorite 
in  many  places  the  fine  sediments  become  darker  and  more  compact, 
with  conchoidal  fracture,  and  pass  into  regular  hornfels,  a  specimen 
of  which  from  Hornfels  Point  is  No.  134  in  the  Educational  Series  of 
Rocks."  Some  of  the  beds  of  tuff  are  well  defined,  ranging  from  10 
to  50  feet  or  more  in  thickness,  and  occasionally  coarse.  Tuffaceous 
conglomerates  are  most  abundant  on  the  side  toward  the  Swearinger 
slate,  but  extend  throughout  the  formation,  and  a  strip  of  50  feet  of 
slaty  conglomerate  occurs  in  the  volcanics  which  bound  the  sedi- 
ments on  the  northeast. 

Distribution, — There  are  two  principal  areas  of  the  Trail  formation, 
one  north  of  Genesee  Valley  and  the  other  south.  That  north  of 
Genesee  Valley  is  blunt  wedge-shaped,  with  its  base  2  miles  in  width 
along  Hornfels  Point,  w^here  the  sediments  have  been  greatly  altered 
by  the  underlying  granodiorite.  This  area  borders  the  Swearinger 
slate  and  Hosselkus  limestone,  crosses  Ilosselkus  Creek,  but  is  cut  off 
by  the  volcanics  before  reaching  the  Lucky  wS  road.  From  near  its 
southeast  corner  it  sends  off  two  irregular  j)rojections.  The  long, 
narrow  strip  running  northwest  across  Hornfels  Point  to  Ilosselkus 
Creek  is  chiefly  slaty,  sometimes  pebbly  shale.  The  bedding  dips 
SS"*  SW.  and  strikes  X.  50°  W.,  parallel  to  the  course  of  the  belt, 
which  is  in  places  only  60  feet  in  width,  and  is  bounded  on  both  sides 
by  volcanic  rocks  related  to  metaaugitc  andcsite.  The  projection 
running  east  lies  between  the  granodiorite  and  the  volcanics.  Much 
of  it  is  greatly  altered  by  the  underlying  granodiorite,  and,  consisting 
largely  of  volcanic  material,  may  perhaps  belong  w^ith  the  volcanics 
on  the  north  rather  than  to  the*  Trail  formation. 

From  Genesee  Valley  the  Trail  formation  extends  southeast  to  the 
basalt  flows  of  Ingalls  Peak.  It  lies  between  the  granodiorite  on  the 
one  hand  and  andesite  i)orphyry  on  the  other,  except  for  a  short  dis- 
tance northeast  of  Genesee  mine,  wh(T(»  it  comes  in  contact  with  the 
slates  of  the  Robinson  formation.  The  total  length  of  the  exposure 
of  the  Trail  fomlation  along  the  strike  is  about  7  miles  and  is  lunited 
in  both  directions  bv  volcanics. 
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Thickness, — The  thickness  of  the  Trail  formation  was  measured  on 
the  prominent  spur  next  north  of  Homfels  Point  descending  into  the 
sharp  bend  of  Hosselkus  Creek  and  found  to  be  about  2,900  feet. 

Fossils. — Fossils  have  been  carefully  sought  for  in  the  Trail  forma- 
tion, but  with  little  success.  Howeyer,  traces  of  plants  and  animals 
have  been  found  together  at  an  elevation  of  5,600  feet  on  the  next 
spur  north  of  Homfels  Point,  and  also  a  half  mile  northeast  of  the 
Gruss  mine  at  an  elevation  of  4,700  feet  south  of  Genesee  Valley. 
Nothing  whatever  could  be  made  of  the  plants,  but  of  the  other  fossils 
Stanton  reports  *' undetermined  small  bivalves,  possibly  Estheria,  a 
crustacean.  It  is  a  nonmarine  genus  occurring  in  fresh  or  brackish 
water  and  is  a  common  form  in  the  Trail  beds.  Similar  fossils  occur 
in  the  Carboniferous  as  well  as  in  Triassic  and  later  formations." 
It  is  evident  therefore  that  the  fossils  furnish  little  aid  in  determining 
the  taxonomic  position  of  the  Trail  formation.  For  this  we  must 
depend  chiefly  upon  its  apparent  relation  to  the  Swearinger  formation. 

Relation  to  Swearinger  formation. — The  general  dip  of  the  Trail 
formation  on  the  measured  section  is  southwest  at  an  angle  ranging 
from  35°  to  80°,  and  it  passes  directly  beneath  the  Swearinger  slate 
and  Hosselkus  limestone.  Attention  has  already  been  called  to  the 
fact,  well  illustrated  in  the  Redding  region,  that  the  Swearinger  slate 
is  younger  than  the  Hosselkus  limestone  and  that  in  the  Taylorsville 
region  it  has  been  overturned.  This  overturning  includes  also  the 
Trail  formation,  and  indicates  that  the  Trail  formation  is  the  one 
next  newer  than  the  Swearinger.  It  seems  evident  also,  from  the 
way  in  which  the  Trail  formation  overlaps  first  the  Swearinger  slate 
and  then  the  Hosselkus  limestone  to  the  Robinson  formation,  that 
the  Trail  formation  is  unconformable  on  all  of  them.  The  only  other 
rocks,  besides  those  just  mentioned,  that  come  in  contact  with  the 
Trail  formation  arc  granodiorite  and  the  various  volcanics  by  which 
the  Trail  formation  has  been  covered  and  its  exposures  limited. 

Correlation. — The  horizon  of  the  Trail  formation,  as  far  as  it  can  be 
made  out  in  the  Taylorsville  region,  appears  to  be  unconformably 
over  the  Swearinger  slate,  in  essentially  the  same  relative  position  as 
the  Modhi  formation  of  the  Redding  quadrangle  at  the  base  of  the 
Jurassic  sedunents.  Lithologically  the  two  formations  are  similar 
and  may  be  regarded  as  approximately  equivalent,  but  this  correla- 
tion secures  no  direct  suj)port  from  the  paleontologic  evidence.  The 
Mod  in  formation  is  locally  rich  in  fossils  and  they  occur  in  many 
places,  although  there  are  many  other  places  where  none  could  be 
found.  wStanton  compared  the  two  faunas  and  reports  that  ^*  Estheria 
has  not  been  found  in  the  Modui  formation,  l)ut  its  absence  from  that 
formation  is  to  be  expected  because  all  the  fossils  known  from  it  are 
marine.  The  fossils  present  no  serious  objections  tg  regarding  the 
Modin  and  Trail  beds  as  time  equivalents." 
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The  relation  of  the  Trail  formation  to  the  Hardgrave  sandstone, 
which  in  the  Taylorsville  region  is  its  successor,  will  be  considered, 
with  the  later  formation. 

HARDGRAYE  SANDSTONE. 

Liiholoffic  character. — The  Hardgrave  sandstone  is  red  or  gray  in 
color.  It  varies  from  fine  shaly  sandstone  to  conglomerate  and  is 
almost  wholly  of  a  tuffaceous  character.  The  most  common  color  is 
red,  ranging  from  brick  red  to  dull  brown,  but  much  of  it  is  gray,  and 
the  two  colors  are  intermingled  irregularly  in  the  same  bed.  The 
bedding  is  generally  well  marked,  but  in  a  few  localities  the  massive 
outcrops  show  little  trace  of  stratification.  Where  the  sediments  are 
fine  the  sandstone  passes  into  shale,  which  occasionally  shows  a  de- 
cided slaty  cleavage  and  breaks  up  into  long,  slender,  pencil-shaped 
fragments.  Generally  the  sandstone  is  so  fine  as  not  to  appear  gran- 
ular and  breaks  with  a  splintery  fracture.  The  rock  is  firmly  lithified 
and  yet  is  comparatively  soft,  owing  to  the  weakness  of  the  calcareous 
cement.  When  the  coarser  forms  of  Hardgrave  sandstone  are  broken 
the  fracture  generally  passes  around  the  grains  instead  of  through 
them,  allowing  them  to  stand  in  relief  upon  the  fracture  surface  and 
make  it  rough.  Rarely  it  is  hard  and  flinty,  much  fractured,  and 
veined.  In  acid  both  the  red  and  gray  varieties  effervesce  freely,  and 
locally  they  contain  small  limy  patches.  Carbonate  of  lime  is  the 
principal  cement,  but  in  the  red  and  weathered  forms  oxide  of  iron 
plays  an  important  part.  Near  its  contact  with  igneous  rocks  it  is 
colored  yellowish  green  by  epidote.  Coarse  gray  sandstone  and  fine 
conglomerate  are  much  less  abundant  than  the  finer  forms.  They 
afford  a  much  better  opportunity  to  see  the  volcanic  character  of  the 
material.  It  is  mainly  volcanic  sand,  made  up  of  crystal  fragments 
of  plagioclase  feldspar  with  many  lapilli,  usually  more  or  less  vesicular, 
and  often  filled  with  minute  lath-shaped  cr^^stals  of  feldspar,  which 
are  for  the  most  part  so  altered  that  their  polysynthetic  twinning,  if 
present,  can  not  be  seen.  Many  of  the  feldsj)ar  fragments  are  plagio- 
clase, but  a  somewhat  smaller  number  appear  to  be  orthoclase  and 
possibly  some  quartz.  One  of  the  striking  features  of  this  sandstone, 
apparent  only  on  microscopic  examination,  is  the  paucity  of  (juartz. 

Distributum. — ^The  Hardgrave  sandstone  is  limited  in  its  distribu- 
tion within  the  Taylorsville  region  almost  exclusively  to  the  sl()j)e  of. 
Mount  Jura,  and  occurs  in  two  belts.  One,  the  main  belt,  lies  along 
the  western  base  of  Mount  Jura,  and  the  other,  the  crest  belt,  lies  near 
the  crest  of  the  prominent  spur  nmning  south  from  the  summit  of 
Mount  Jura. 

The  main  belt,  wavy  in  its  course,  runs  southeast  almost  continu- 
ously along  the  western  base  of  Mount  Jura  from  North  Arm,  near 


88  THE   TAYLORSVTLLE   REGION,  CALIFORNIA. 

Dead  Fall  Lane,  to  Huntington's,  and  beyond  to  the  lower  slope  of 
Grizzly  Mountains,  whore  two  small  areas  mark  its  termination  against 
a  great  mas3  of  ancient  quartz  porphyrj\  The  total  length  of  this 
belt  is  a  little  over  4  miles,  with  a  width  ranging  from  a  few  feet  to 
a  third  of  a  mile.  This  belt  is  the  most  accessible,  and,  lying  on 
steeper  slopes,  contains  better  exposures  than  most  of  the  other  areas. 
Coarse  gray  calcareous  sandstone,  weathering  very  rough,  crops  out 
at  a  number  of  points  along  the  western  border,  and  east  of  it  the  finer 
red  and  gray  beds  occur.  They  are  well  exposed  by  the  road  a  short 
distance  northeast  of  Taylorsville,  opposite  the  steel  bridge,  and  about 
a  mile  farther  southeast,  near  Donnei'wirth's,  but  outcrops  occur 
throughout  the  greater  j)ortion  of  the  belt,  though  somewhat  less 
abundant  and  consj)icuous  than  those  of  the  meta-andesite  next  east- 
ward. The  strike  of  the  beds  eveiy where  is  approximately  parallel 
to  the  couree  of  the  outcrops,  and  the  dip  is  westerly.  The  inter- 
ruptions in  this  belt  east  of  Taylorsville,  opposite  the  mouth  of  Mont- 
gomeiy  Creek  and  on  the  lower  slope  of  Grizzly  Mountains,  are 
due  chiefly  to  the  eruj)tion  of  the  meta-andesite. 

The  next  most  important  area  is  the  one  which  parallels  the  first 
in  the  crest  belt.  It  is  a  narrow  l)elt  extending  a  little  east  of  south 
from  the  summit  of  Mount  Jura  ahmg  the  crest  overlooking  Hinch- 
man  Ravine.  In  lithologj^  and  fossils  it  is  in  the  main  identical  with 
the  l)elt  just  noted,  l)ut  near  the  summit  is  somewhat  more  crushed 
and  veined. 

Between  these  two  l)elts  on  the  western  slope  of  Mount  Jura  there 
arc  five  smaller  masses,  three  of  which  lie  directly  southwest  of  the 
Jura  summit,  one  farther  south,  and  another,  the  largest  of  the 
separated  masses,  lies  a  little  farther  north.  A  more  isolated  small 
area  lies  at  an  elevation  of  4,500  feet  on  the  northern  end  of  Mount 
Jura,  near  the  old  limo  road. 

Tli(M(^  is  only  one  other  area  to  mention,  and  that  is  one  of  the 
smallest  and  most  isolated.  It  is  about  three-fourtlis  of  a  mile 
northeast  of  the  stage  road  at  the  crossing  of  Hinchman  Ravine, 
and  was  discovered  by  the  indefatigal>lc  Curtice.  Lying  outside 
of  the  area  marked  out  by  the  two  belts  on  Mount  Jura,  its  degree 
of  isolation  is  veiy  much  greater  than  that  of  any  of  the  other  areas 
in  the  region.  The  identification  of  all  these  isolated  masses  rests  on 
.pal(M)nt()l()gic  as  well  as  litliologic  evidence,  and  the  attitude  of  the 
strata  with  w(\sterly  dip  is  essentially  i\\o  same  in  all  the  areas. 

Tlie  extremely  limited  and.  patchy  distribution  of  the  Hardgrave 
sandstone  within  a  few  square  miles  about  Mount  Jura  is  a  striking 
feature.  It  does  not  occur  anywhere  oUo  in  the  Sierra  Nevada,  but 
SO  miles  to  the  northwest  it  has  an  oxtensivt*  development  along  the 
border  of  the  Klamath  Mountains  in  connection  with  the  Potem 
formation.     The  interval  is  now  cov(Med  lar<^(»lv  bv  the  lavas  of  Lassen 
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Peak,  but  during  the  Jurassic  the  two  areas  nuist  have  been  directly 
connected. 

Thickness. — The  maximum  thickness  of  Ilardgrave  sandstone  as 
measured  half  a  mile  north  of  Donnerwirth's  may  be  850  feet,  but 
is  possibly  much  less,  for  the  measurement  involves  a  large  talus- 
covered  slope  in  which  the  limit  of  the  sandstone  could  not  be  defi- 
nitely determined.  At  a  number  of  points  in  the  same  belt  250  feet 
of  red  and  gray  beds  are  well  exposed.  In  the  crest  belt  running 
south  from  the  summit  of  Mount  eJura  two  measurements  were  made. 
One-third  of  a  mile  from  the  summit  the  Hardgrave  sandstone  is  1 1 2 
feet  in  thickness,  and  three-fourths  of  a  mile  from  the  summit,  near 
the  crest  at  the  head  of  a  prominent  spur  descending  southeast  to 
the  mouth  of  Hinchman  Ravine,  it  is  124  feet  in  thickne^ss;  the  upj)er 
54  feet  are  gray  sandstone  partly  coarse,  wliile  the  lower  70  feet  are 
red.  It  is  evident  that  in  the  main  belt  the  sandstone  is  much  thicker 
than  in  the  crest  belt.  It  decreases  in  thickness  and  runs  out  against 
ohler  formations  to  the  south,  but  northward  it  may  continue  its 
thickness  beneath  newer  formations. 

Age, — The  paleontologic  investigations  of  the  Hardgrave  sand- 
stone were  made  by  the  late  Prof.  Alpheus  Hyatt,  whose  i)reliminaiy 
report  is  as  follows:'' 

The  Hardgrave  sandstone  contains  the  remains  of  a  very  a})undant  fauna  and  the 
foHsils  are  sufficiently  well  preserved. 

The  most  abundant  species  are  the  following:  PecUnn  acntiplirafus.  Meek,  is  to  be 
expected  wherever  tliis  sandstone  occurs,  and  can  be  called  its  characteristi(!  fossil 
in  this  region;  Entolinm  meeki  is  perhaps  the  next  in  abundance  and  is  almost  as  wide- 
spread in  distribution;  Pinna  cxpansa  is  not  found  every  when*,  but  it  forms  banks  like 
Ostrxa  or  Unio  in  some  places  and  is  often  found  associated  with  the  two  above  named. 

The  age  of  the  Hardgrave  has  been  determined  by  cumidative  evidence.  That  it 
was  probably  a  member  of  the  Lias,  as  previously  stated  by  Prof.  Jules  Marcou,  be- 
came evident  after  a  preliminary  examination  of  the  fossils,  but  the  facts  leading  to 
the  conclusion  that  it  is  more  likely  a  member  of  the  upper  Lias  than  of  the  lowest 
Lias  were  more  difficult  of  acquisition.  It  contains  many  fossils  having  affinities 
with  those  of  the  lowest  or  infra  Lias,  and  the  MtxUola  and  Mytibm  might  even  have 
occurred  in  the  uppermast  Tnas  or  Rhietic.  On  the  other  hand,  some  forms  have  very 
close  relations  to  the  same  genera  as  they  appear  in  the  Mormon  sandstone,  or  Oolite, 
of  the  same  locality.  Pinna,  GcrviUia,  Ctniostiron,  Eniolium,  Trifjonia,  and  Cidaris 
show  an  assemblage  of  upper  Lias  types.  The  species  of  Entolbnn  and  i'tcnostrcmi 
4ire  closely  related  to  those  of  the  Oolite  above,  and  one  s]>ecies  of  Tn(jnnia  resembles 
the  young  of  a  species  from  the  Oolite  of  western  Europe.  The  most  conclusive  evi- 
dence, however,  is  furnished  by  the  single  well-preserv(Hl  specimen  of  Clypha, 
which  I  was  so  fortunate  as  to  find  in  the  ty})ical  locality  close  to  the  village  of 
Taylorsville,  and  the  Goniomya,  allied  to  6'.  v-scripfa,  Agassiz. 

The  42  species  exhibited,  wliich  were  selected  from  the  collections  of  the  (ieological 
Survey,  do  not  represent  the  entire  fauna.  I  have  still  further  restricted  the  list  given 
below  to  those  species  which  are  either  characteristic  or  have  been  described  and 
figured  or  can  be  closely  compared  with  representative  Knr(4)eau  species. 
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Montlivaultia,  n.  sp.  (?) M.  haimeif  Chap,  et  Dewal. ;  lower  Lias. 

Ostrara,  sp Ostrasa  irregularis^  Chap,  et  Dewal. ;  infe- 
rior Lias  to  middle  Lias. 

Ostrxa,  n.  sp Ostrxa  arietiSj  Quenst. ;  lower  Liaa. 

AnomiGj  n.  sp Anomia  striatulay  Terq.  et  Piette;  lower 

Lias. 

Modiohiy  n.  sp Modiola  psUonoti,  Quenst. ;  lower  lias. 

Mytilus,  n.  sp Mytilus  psilonotiy  Quenst. ;  lower  lias. 

Mytilm,  n.  8^ Mytilus    terquemianus,  Chap,    et   Dewal.; 

lower  Lias. 

Pinna  expansa,  n.  sp Pinna  hartmanni,  Auct.;  lower  Lias. 

Gervillia  linearis,  n.  sp Gervillia  lanceolataf  Quenst.;  upper  Lias. 

GcrvUlia  gigantca,  n.  sp Gervillia  aviciiloides,  Quenst. ;  Oolite. 

Gervillia  gigantea,  n.  sp Gervillia  betacalcis,  Quenst. ;  middle  Lias. 

Lima,  n.  sp Lima  nodulosa,  Terq.  et  Piette;  lower  Lias. 

Lima,  n.  sp Lima  charta^  Dum. ;  lower  Lias. 

Lima,  n.  sp Lima  galathea,  Dum. ;  upper  Lias. 

Ctenostreon,  n.  sp Lima,  tuherculatay  Dum. ;  lower  lias. 

Pecten  aaitiplicatus,  Meek " 

Lima  sinuata,  Meek Lima  acvJticosiata^  SchQbl. ;  inferior  Oolite. 

Linia  recticostata,  Meek 

Pecten,  n.  sp Pecten  texUmuSj  Goldf. ;  Lias  and  Oolite. 

Pecten,  n.  sp Pecten  dextilis,  MQnst.;  Lias  and  Oolite. 

Entolium  meeki,  n.  sp Pecten  demissus,  Ooldf. ;  Lias  and  Oolite. 

Goniomya,  n.  sp Goniomya  v-scripta,  Ag. ;  upper  lias. 

Pholadomya,  n.  sp Pholadomya  ambiguaj  Sow.;  upper  Lias. 

Pleuromya,  n.  sp Pleuromya  striatula,  Dum. ;  upper  Lias. 

Trigonia,  n.  sp Trigonia  costata,  Sow. ;  middle  Lias. 

Trigonia,  n.  sp Trigonia  costatula,  Lycett;  inferior  Oolite. 

Cidaris,  n.  sp Cidaris,  Quenst. ;  upper  Lias. 

Glyphaca  punctata,  n.  sp Glyphsea  solitaria,  Opp. ;  inferior  Oolite. 

I  allowed  the  unique  fossil  Glyphaea  punctata,  of  which  the  carapace  (with  the  excep- 
tion of  the  tip  of  the  rostrum)  is  well  preserved,  to  Prof.  Walter  Faxon,  of  the  Museum 
of  Comparative  Zoology,  well  known  as  an  expert  carcinologist,  and  he  at  once  placed 
it  in  the  Jura  under  the  name  Glyphsea.  G.  solitaria,  Opp.,  of  the  lowest  Oolite,  zone 
of  Trigonia  naxis,  is  not  only  very  close  to  our  American  form  in  the  characteristics 
of  the  sutures  of  the  carapace,  but  the  surface  has  the  rare  sculpturing  of  puncta- 
tion  in  place  of  the  usual  tuberculation  found  in  most  species  of  this  genus,  a  peculiar- 
ity also  characteristic  of  G.  punHata.  Such  forms  as  these  and  the  evidently  dose 
alliance  and  probable  continuity  of  the  fauna  through  migration  with  that  of  the 
Mormon  sixndstone  suggest  that  the  Ilardgrave  sandstone  should  be  classed  as  upper 
Lias  in  spite  of  the  large  number  of  forms  which  are  represented  by  species  occurring 
also  in  the  lower  and  middle  Lias  in  Europe. 

The  hom(»pfeneous  character  of  the  rock  and  the  association  of  fossils  found  in  the 
larj:(T  masses  of  it  led  also  to  the  conclusion  that  it  represented  only  one  bed  in  the 
upy)cr  l.iiis,  but  such  minute  researches  as  would  have  established  this  beyond  ques- 
tion were  not  practicable. 

Relation  to  adjacent  formations. — The  next  sedimentary  formation 
older  than  the  Hardware  sandstone  is  the  Trail  formation.  They 
are  not  kno\\Ti  to  occur  in  contact  or  even  near  each  other  in  the 
Taylorsville  region,  but  from  the  fact  that  the  Trail  beds  are  fresh- 
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water  deposits  and  the  Hardgrave  sandstone  marine,  they  may  be 
assumed  to  be  unconformable. 

The  sedimentary  formation  next  newer  than  the  Hardgrave  sand- 
stone is  the  Thompson  Umestone.  They  have  not  been  found  in 
actual  contact,  but  sometimes  near  together,  separated  only  by  a 
sheet  of  meta^andesite.  Their  essentially  parallel  position  when  near 
together  indicates  conformability.  The  Hardgrave  sandstone  at 
several  points  is  in  contact  with  the  Monnon  sandstone,  but,  as  we 
shall  see  later,  it  is  the  result  of  faulting. 

The  Hardgrave  sandstone  is  almost  everywhere  in  contact  on  the 
one  hand  with  an  ancient  rhyolite  and  on  the  other  with  meta- 
andesite.  The  metarhyolite  is  on  the  western  side  of  the  Hardgrave 
sandstone  and  Ues  upon  it.  The  sandstone  throughout  its  course  in 
both  belts  dips  westward  beneath  the  ancient  rhyolite  and  is  com- 
posed, as  already  pointed  out,  of  lapilli  and  debris  derived  from  the 
rhyoUte.  It  is  therefore  younger  than  the  rhyolite,  and  their  posi- 
tion has  been  reversed  by  overturning. 

The  contact  of  the  Hardgrave  sandstone  with  the  meta-andesite 
along  its  eastern  border  is  less  regular  than  that  of  the  metarhyolite 
on  its  western.  The  dip  of  the  sandstone  is  west,  and  in  many 
places  it  appears  to  rest  directly  on  the  meta-andesite,  which  passes 
beneath  it  with  the  same  inclination.  In  other  places — and  these  are 
important — the  igneous  rock  breaks  through  the  bedding  and  incloses 
many  fragments  of  the  sandstone,  showing  clearly  that  its  eruption 
took  place  after  the  sandstone  was  deposited.  The  included  sand- 
stone fragments  may  be  distinctly  seen  at  an  elevation  of  4,100  feet 
in  the  ravine  about  a  mile  north  of  Donnerwirth's,  as  well  as  at  other 
points  near  the  contact  within  the  area  of  the  meta-andesite.  The 
fragments  are  generally  small  and  red,  with  the  lithologic  character 
of  the  Hardgrave  sandstone,  but  no  fossils  were  found  in  them. 
Though  the  sandstone  along  the  contact  is  not  clearly  altered,  the 
igneous  rock  is  often  perceptibly  finer  grained  near  the  border,  owing 
to  the  cooling  influence  of  the  sandstone.  There  seems  to  l)e  scarcely 
room  for  doubt  that  the  meta-andesite  is  younger  than  the  Hard- 
grave sandstone. 

THOMPSON  LIMESTONE. 

LUhologic  character, — The  Thompson  limestone  is  gray  and  some- 
what shaly,  and  on  its  weathered  surface  in  places  are  round,  oblong, 
or  irregular  patches  of  darker  more  or  less  granular  calcite,  which  at 
once  suggests  fossils,  though  their  specific  determination  is  a  matter 
of  difficulty.  Where  shaly  it  is  generally  red,  highly  argillaceous, 
and  locally  full  of  long,  slender  gasteropods,  which  weather  out  and 
leave  the  porous  argillaceous  skeleton  of  the  limestone  full  of  ^' screw 
holes." 
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Areal  diMrihutioti  and  thickness. — The  Thompson  lunestone,  like 
the  Ilarclgravc  sandstone,  outcrops  in  two  belts.  The  main  belt 
crosses  the  west  sIoikj  of  Mount  Jura,  and  the  crest  belt  lies  along 
the  crest  running  south  from  the  summit  of  Mount  Jura. 

The  nuiin  belt  is  irregular  and  interrupted,  extending  south  across 
the  west  slojx*  of  Mount  Jura  from  Mr.  Thompson's  on  North  Arm 
to  the  lower  slope  of  Grizzly  Mountains,  a  mile  southeast  of  Hiintmg- 
ton's,  and  the  most  prominent  and  accessible  exposures  are  near  the 
north  end,  wlien^  it  has  been  burned  for  lime.  At  Thompson's  it 
forms  a  l)lu(T,  strikes  N.  70°  W.,  dips  40°  SW.,  and  has  a  thickness  of 
:U)  feet. 

A  mile  to  the  southeast  the  limestone  is  interrupted  and  offset 
nearly  half  a  mile  to  the  east.  At  an  elevation  of  4,100  feet  outcrops 
l)egin  again  and  have  furnished  material  for  lime..  The  mass  at  this 
])()int  has  a  thickness  of  40  feet  and  curves  in  position  from  N.  53°  W. 
to  X.  28°  W.,  with  a  dip  of  about  40°  to  the  southwest.  It  contains 
a  numl)er  of  irregular  forms  supposed  to  be  sponges.  The  bottom 
layer  of  limestone  is  massive,  6  feet  in  thickness,  and  has  a  rougli 
weathered  surface.  Below  the  limestone  reddish  and  gray  beds  arc 
exj)<)sed  interstratified  with  limy  layers.  Above  the  limestone  are 
10  feet  of  vod  shaly  limestone  or  calcareous  shales  locally  full  oi 
Ncrinea,  th(»  screw-sha])ed  gasteropod  to  which  allusion  has  already 
been  made.  At  this  locality  the  limestone  changes  its  course  from 
southeast  to  southwest  and  follows  a  prominent  spur  toward  Taylors- 
ville.  The  red  shaly  limestone  and  calcareous  shale  is  more  abundant 
and  continuous  than  the  lentils  of  gray  limestone,  and  the  whole  mass 
is  f()l(l(Ml  and  disj)lace(l  in  a  complicated  fashi(m  along  lines  running 
southeast,  j)ro(lucing  a  local  extension  in  that  direction  before  the 
<reiieral  course  is  nvsumed  a  mile  farther  southwest.  On  the  promi- 
nent s])ur  running  a  little  south  of  west  from  tlie  summit  of  Mount 
Jura  is  a  small  isolated  patch  of  vod  beds  behmging  to  the  Thompson 
limestone  horizon.  Their  strike  is  X.  1  o°  E.  They  are  liighly  calcare- 
ous, fragmental  in  a])])earance  upon  a  weathered  surface,  and  contain 
small  nodules  and  lenses  of  gray  limestone  as  large  as  18  inches  in 
diameter.  Traces  of  fossils  a])pear  in  the  gray  limestone  and  also  in 
the  red  beds,  l)ut  none  an*  well  enough  ])reserved  for  specific  deter- 
mination. On  the  next  s])ur,  half  a  mih*  farther  south,  is  asmallmass 
of  gray  limestone  10  feet  in  thickness  witli  irregular  clierty  portions. 
Tt  is  directly  in  the  course  ami  liori/.on  of  \\\o  Thompson  limest<me, 
l)iit  no  fossils  were  found  in  j)lacr  at  this  ])oint,  thougli  they  occur 
near  l)y  in  the  talus  and  in  ]Aiu'o  a  mile  farther  southeast  beyond  the 
interruption.  On  tlie  >|)ur  running  u])  from  the  Xarnnvs  the  calcare- 
ous red  IxmIs  witii  the  characteristic  fossils  of  the  Thcmipson  limestone 
rea])pear  and  continue  to  th(*  road  above  Huntington's.  On  the  lower 
slope  of  (Jri/zly  MountaiiH,  in  tlie  southwest  (piart(»rsec.  7,  T.  2.5  X., 
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R.  11  E.,  the  terminal  outcrops  of  this  l)elt  of  Thompson  Hmestone 
appear  in  three  isolated  ledges  lying  along  a  line  extending  nearly 
east  and  west.  Some  of  the  limestone  outcroj)s  strike  N.  36°  W. 
and  dip  45°  SW.,  a  position  which  connects  it  directly  with  the 
Thompson  limestone  of  Mount  Jura,  while  other  portions  strike 
N.  70°  E.  and  dip  50°  SE.,  probably  as  the  result  of  a  fault.  The  lime- 
stone exposed  at  this  point  ranges  from  4  to  25  feet  in  thickness.  It 
looks  like  the  Thompson  limestone  but  contains  only  traces  of  indefi- 
nite fossils.  However,  its  general  relations  to  other  formations  leave 
no  doubt  as  to  its  horizon. 

The  only  outcrop  of  Thompson  limestone  lying  outside  of  the  main 
belt  just  described  is  in  the  crest  belt  of  exposures  extending  south 
from  the  summit  of  Mount  Jura.  It  occurs  near  the  top  of  the  spur 
rising  northwest  from  the  mouth  of  Ilinchman  Ravine,  at  an  elevaticm 
of  about  5,100  feet,  and  contains  the  curious  spongelike  forms,  while 
the  associated  red  beds  have  definite  characteristic  fossils.  The 
total  thickness  of  the  formation  at  this  point  is  probably  less  than 
20  feet  and  its  outcrop  is  scarcely  half  a  mile  in  length. 

The  Thompson  limestone  has  not  been  identified  anywhere  beyond 
the  immediate  vicinity  of  Mount  Jura.  Considering  its  size  and 
variability,  this  is  not  a  matter  of  surprise. 

Relation  to  adjacent  fonnatioiis. — The  relation  of  .the  Thompson 
limestone  to  the  meta-andesite  that  bounds  it  upon  the  west  may  be 
clearly  seen  on  the  northern  slope  of  Mount  Jura,  near  the  end  of  the 
lime  road,  where  the  red  calcareous  beds,  full  of  slender  gasteropods, 
come  into  direct  contact  with  the  altered  andesite.  The  fossils  lie 
parallel  to  the  surface  of  the  volcanic  rook,  ])ractically  against  it,  with- 
out showing  any  alteration  due  to  the  ])resence  of  th(»  igneous  rock. 
This  relation  evidently  indicates  that  the  limestone  was  deposited 
upon  the  meta-andesite  and  is  of  later  age.  It  has  already  been 
shown  that  the  same  meta-andesite  is  younger  than  the  Ilardgrave 
sandstone.  The  general  dij)  of  the  Thoni])son  limestone  is  to  the 
southwest  beneath  the  meta-andesite  by  which  it  is  l)oun(le(l  in  that 
direction,  and  both  ])ass  beneath  the  JIardgrav(»  sandstone.  All 
have  been  overturned  together. 

On  the  eastern  side  the  Thoni])son  limestone  apjXMirs  to  con- 
formably overlie  the  Mormon  sandstones,  thougli  their  actual  contact 
is  rarely  exposed.  A  small  nuiss  of  rhyolite  se])arates  them  on  the 
steep  slope  overlooking  North  Arm,  Imt  a  short  distance  farther 
south  they  outcrop  near  together  in  ])arall(^l  ])()siti()ns. 

In  SW.  \  sec.  25,  T.  20  X.,  J{.  10  K.,  where  the  liniest<me  turns 
abruptly  and  extends  east  for  nearly  half  a  niil(\  it  a])])ears  to  be  iield 
directly  in  a  downward  fold  of  the  Mormon  sandstone.  The  two 
isolated  outcrops  west  and  southwest  of  the  summit  of  Mount  Jura, 
as  well  as  the  (me  in  the  cn\st  l)elt  south  of  the  summit,  clearly  show, 
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as  illustrated  in  fig.  11,  that  the  Thompson  limestone  rests  upon  the 
Mormon  sandstone,  and  that  its  taxonomic  position  is  between  the 
Hardgrave  and  Mormon  sandstones.  It  must  be  remembered,  how- 
ever, that  the  strata  of  Mount  Jura  having  been  overturned,  the 
younger  are  below. 

Fossils  and  a^e, — Professor  Hyatt  ^  refers  to  the  Thompson  lime- 
stone as  the  Ojyis  bed,  and  remarks: 

Mr.  Diller's  close  and  repeated  investigations  of  the  stratigraphy  have  placed  the 
Opis  l)ed  below  the  Mormon  sandstone  in  the  chronologic  serieB,  and  my  studies, 
alt  Iiough  they  led  nut  to  incline  to  the  opinion  that  the  fauna  was  younger,  have  not 
succeeded  in  bringing  to  light  any  evidence  that  can  be  said  to  contradict  his  con- 
clusions. The  presence  of  a  largo  fonn  of  Nerinea  with  the  columella,  showing  the 
typical  ridges  of  th(i  normal  forms  of  this  group,  indicates  that  this  limestone  is  not 
older  than  the  inferior  Oolite,  and  if,  as  seems  to  be  the  case,  it  is  older  than  the 
Monnon  sandstone,  it  will  probably  be  proved  to  be  a  member  of  the  inferior  Oolite. 

A  large  species  of  Opis  is  as  abundant  in  some  places  as  the  Nerinea,  and  this  genus, 

whicli  is  recorded  in  Europe  as  beginning  in  the  Trias,  is  usually  small  throughout 

the  lower  and  middle  Jura.    The  only  European  species  approximating  to  that  of 

this  limestone  is  the  Opis  parofloxa^  as  figured  by  Buvignier,  which  occurs  in  the 

Corallian  of  the  upper  Jura.     A  species  of  Terehratula^  apparently  identical  with  the 

largi*  characteristic  species  of  the  Mormon  sandstone,  also  occurs  abundantly  in  this 

bed.     Th(Te  are  also  a  number  of  small  gast(»n>pods  and  other  fossils  requiring  further 

investigation. 

MORMON  SANDKTONK. 

Lithologic  character. — The  Mormon  sandstone  consists  prevailingly 
of  sandstone,  passing  on  the  one  hand  into  conglomerate  and  on  the 
other  into  more  slialy  beds.  The  most  common  and  characteristic 
nioml)er  is  a  gray  compact  sandstone  so  fine  that  to  the  naked  eye  it 
does  not  ai)pear  granidar.  Its  color  becomes  brown  on  weathering, 
and  the  rock,  frequently  contains  casts  of  a  small  RhynchcmeUa. 
Among  the  grahis  of  wliich  it  is  composed  there  are  many  of  quartz 
and  of  feldspar,  some  of  which  is  clear  plagioclase  with  distinct  ti^-in- 
ning  lamella?.  A  few  arc  of  pale-green  augite,  but  most  of  them  are  of 
indefinite  clouded  material  m  wliich  here  and  there  small  lath-shaped 
crystals  of  feldspar  may  be  seen,  indicating  their  derivation  from 
igneous  rocks.  There  is  a  small  amount  of  carbonate  of  lime  present, 
and  it  becomes  somewhat  more  abundant  in  the  coarser  forms.  The 
conglomerate  of  the  Mormon  sandstone  is  generally  greenish,  but 
sometimes  reddish.  Its  pebbles  are  in  a  few  places  mainly  quartzite, 
but  at  most  localities  they  are  chiefly  of  meta-andesite  with  a  few  of 
metarhyolite,  and  range  from  one-eighth  of  an  inch  to  18  inches  in 
diameter.  Several  pebbles  of  limestone  were  observed,  but  none  con- 
tained fossils.  In  the  conglomerate  are  masses  of  fine  shaly  red  sand- 
stone with  decided  pencil  structure  j)arallel  to  its  stratification.  This 
same  sort  of  material  occurs  also  to  a  limited  extent  entirely  inde- 
pemlent  of  the  ccmglomerate,  and  in  such  cases  it  is  thin  bedded  ami 
finely  stratified. 
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Distribviion  and  thickness. — The  Mormon  sandstone,  extending 
across  Mount  Jura  from  the  lower  slopes  of  Grizzly  Mountains  to  North 
Arm,  occupies  a  larger  area  than  that  of  the  Ilardgrave  sandstone 
and  Thompson  limestone  combined.  At  both  ends  it  is  relatively 
broad,  but  in  the  middle  portion  it  is  divided  into  two  belts,  one  on 
the  west  slope  and  the  other  near  the  crest,  in  positions  corresponding 
to  the  two  belts  of  Ilardgrave  sandstone  and  Thompson  limestone. 

At  a  narrow  point  in  the  w^avy  belt  across  the  western  sloj)e  of 
Moimt  Jura  the  following  section  was  observed:  Adjoining  the  eastern 
side  of  the  Thompson  limestone  is  45  feet  of  massive  gray  sandstone 
with  a  rich  fauna.  This  is  succeeded  farther  up  the  slope  by  30  feet 
of  conglomerate  and  finally  by  about  20  feet  of  finely  stratified  red 
shaly  sandstone,  the  ''Inoceramus  bed''  mentioned  by  Professor 
Hyatt.  The  total  tliickness  of  tliis  belt  a  short  distance  farther  south 
increases  to  about  225  feet  and  the  conglomerate  becomes  more  prom- 
inent, but  farther  along  again  diminishes  and  is  scarcely  noticeable 
near  the  south  end. 

The  crest  belt,  long  and  narrow,  running  south  from  the  summit  of 
Mount  Jura  is  well  exposed  on  the  steep  slopes  facing  Ilinchman 
Ravine,  and  affords  the  following  section:  Adjoining  the  Thompson 
limestone  is  a  mass  of  greenish  conglomerate  150  feet  in  thickness. 
Part  of  it  is  coarse  and  it  includes  much  andcsitic  material.  Some 
greenish  sandstone  is  interstratificd  with  the  conglomerate.  Below 
this  is  a  gray  sandstone  400  feet  in  thickness  well  characterized  by  the 
little  RhyncTionella.  It  includes  some  shaly  beds  and  near  the  bot- 
tom traces  of  conglomerate.  The  total  thickness,  550  feet  at  this 
point,  is  much  greater  than  that  on  the  western  slope  of  Mount  Jura. 

The  curved  area  on  the  lower  slopes  of  Grizzly  Mountains  opposite 
the  mouth  of  Ilinchman  Ravine  is  chiefly  gray  sandstone  and  repre- 
sents the  union  of  the  crest  belt  and  that  which  crosses  the  western 
slope  of  Mount  Jura.  Besides  the  characteristic  Mormon  sandstone 
fauna  which  it  contains  there  are  traces  of  other  fossils,  and  it  is  i)ossi- 
ble  that  some  Hardgrave  sandstone  is  here  included  in  the  area  marked 
Mormon  formation. 

The  largest  area  of  the  Mormim  sandstone  lies  on  the  north  sloj)e  of 
Mount  Jura,  stretching  from  the  summit  to  North  Arm.  It  is  chiefly 
gray  sandstone  but  includes  also  a  large  amount  of  conglomerate, 
which  occurs  at  various  horizons  in  the  mass.  Near  the  western 
border,  under  the  Thompson  limestone,  there  is  locally  a  small  amount 
of  conglomerate,  in  which  the  fine  greenish  cement  and  many  of  the 
smaller  pebbles  are  composed  almost  wholly  of  andcsitic  material. 
Reddish  conglomerate  and  red  beds  occur  in  the  middle  of  the  ilor- 
mon  sandstone  on  the  steep  slope  southeast  of  Thompson's,  but  the 
most  important  outcrop  of  conglomerate  is  nearly  a  mile  farther  east, 
on  the  edge  of  the  valley  about  Lucky  S  road.     It  strikes  N.  27°  W, 
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and  (li})s  62°  SW.,  and  the  mass  is  extremely  variable  in  its  com- 
position, varying  from  tliin  lenses  of  red  shaly  sandstone  with  prom- 
inent pencil  structure  to  coarse  conglomerate  in  which  some  of  the 
pebbles  are  18  inches  in  diameter  and  the  material  almost  wholly 
andesitic  in  character. 

The  only  area  of  the  Mormon  sandstone  yet  to  be  noted  is  a  small 
one  which  is  entirely  isolated.  It  occurs  about  4  miles  northeast  of 
Mount  Jura,  in  sec.  17,  T.  20  N.,  R.  11  E.,  and  contains  compact 
gray  sandstone  well  characterized  by  fossils.  This  mass  of  the  Mor- 
mon sandstcme  is  nuich  more  disturbed  than  the  others.  The  sand- 
stone is  much  fractured,  permeated  by  small  quartz  veins,  and  along 
the  western  border  is  greatly  sheared,  producing  slickensided  slaty 
material. 

Fossih  and  age. — Concerning  the  fossils  of  the  Mormon  sandstone, 
Professor  Hyatt,"  in  his  paper  on  the  Taylorsville  region,  reports  as 
follows: 

Tliis  \)vd  contains  tlio  remains  of  a  more  varied  fauna  than  that  of  the  Ilardgrave 
sandstone.  In  some  places,  especially  upon  spur  8  of  Mr.  Dillers  map,  the  fossils 
are  in  excellent  preservation;  l)ut  in  some  localities  merely  superficial  work  does  not 
give  good  r(\sulls,  the  rock  l)eing  apt  to  be  very  friable.  Here  as  ekewhore  the  great- 
est treasures  await  resurrection  at  the  hands  of  those  able  to  dig  deeply  into  the  stony 
matrix. 

It  is  more  difhcult  to  i)()int  out  the  characteristic  fossils  in  this  bed  than  in  the  Hard- 
grave  sandstone.  Lima  (liJleri  and  L.  taylnrensls,  Ctenostrcon,  Trigonia^  and  Entolium 
are  ai)t  to  occur  in  all  the  outcrops.  So  far  as  the  detennination  of  age  is  concerned, 
however,  the  Ammonitina',  although  not  abundant,  afford  the  best  evidence.  These 
higlily  specialized  forms,  as  has  been  pointed  out  by  several  of  the  most  distinguished 
paleont()lo<^'ists  in  Kurop<',  must  have  been  extremely  sensitive  to  the  influence  of  the 
changes  of  th<'  surroundings  in  ])assing  from  one  geologic  level  to  another,  and  have 
recorded  tliesc  mutations  in  their  own  organizations.  Even  the  encyclopedic  Quen- 
siedi  continually  expresses  his  satisfaction  in  turning  from  the  uncertain  indications 
atTonlcd  l)y  the  more  generalized  structures  of  other  mollusca  to  the  decisive  chro- 
nologic evidence  usually  given  l)y  the  fossils  of  this  group.  The  list  printed  Mow 
contains  a  series  of  s<lect(Hl  species,  but  many  forms,  especially  among  the  smaller 
Pelecypoda,  which  have  not  yet  l)een  studied,  are  necessarily  omitted. 
Tiiyleisvillc.  CmI.  Europe. 

Ti rchrahda 7V/7 hnitnln  piroralis,  Sow.,  as  figured  and 

described  by  Quenstedt,  is  similar,  but 
the  American  species  lias  no  dwarfed  vari- 

eties:  inferior  Oolite. 
Ii'Jn/n(}if)i(rJJ(i.  n.  sp liln/nrfioiu lla  f/uadri plicata,  Zeit.,  as  figured 

and  (|escril)'*(l  l)y  Quenstedt;  great  Oolite. 
AUrtiijonid.  n.  .-|> OilJils  iiuirsfiil.  ( loldf.,  as  figured  by  Mor.  et 

Lye.    in    Oolite    Mollusca;    inferior  an<l 

irreal  ( )oliie. 

Mo^lioJn     snhiinhrlrnhi.      M.mU.     ;in.l      ;iKo     ,.     ,■    ,      ■     ,     •  .  in 

.    ,  .     .,        Modiohi  iiiihrndld.  Sow.,  and  Other  species 

(.iIkt  >pe(ie<  ..1    ilie  ^nnie -enu.- .-niiihir  •    w    ;     ,  11  ,  ,     ., 

,.',,.,  ,   ,        ,  "1   M"<i">l"    with  lieavv  umbonal  ndtres. 

|..  llii>,  lull  ha\  iiiLT  >horiei-  ;in(i   broader  ..,...*         ,  ^.^  I^. 

(•ccun'OL:  111  tlu'  inlerior  and  great  Oolite. 
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«,  n.  sp Mytilus  subUrvis,  Mor.  et  Lye,  and  other 

spcciof ,  having  arcuate  forms  and  heavy 
umhonal  ridges,  which  are  characteristic 
of  the  Oolite. 

cuneiformisy  n.  sp Pinna  cuncata,  PhilL,  as  figured  by  Mor.  et 

Lye.  in  Oolite  Mollusca;  inferior  Oolite. 

errwz,  n.  sp Stands  between  Pteropema  plana  and  Ptero- 

pcrna  costatula,  Mor.  et  Lye. ;  inferior  and 
great  Oolite. 

ia,  n.  sp Genillia  lariceolata  of  the  upper  Liaa,  ])ut 

longer  and  narrower  in  proportion,  and 
the  posterior  wing  larger.  It  is  in  fact  a 
more  progressive  form  in  the  same  series 
of  species  than  Gernllia  lanccolata. 

iOj  n.  sp GerrilUa  avindoides.  Sow. ;  great  Oolite. 

lilleriy  n.  sp Lima  cardiifornm,  Sow. ;  great  Oolite. 

n.  sp Lima  tenidstriata,  Miinst.  and  Goldf. ;  infe- 
rior Oolite. 

aylorensis,  n.  sp Limn  rigiduta,  Mor.  et  Lye. ;  great  Oolite. 

treon,  n.  sp Ctcnostreon    pectiniformis^    Mor.    et    Lye. ; 

inferior  and  great  Oolite. 

,  n.  sp Pectcn  disciformis,  Schubl. ;  inferior  Oolite. 

,  n.  sp Pet'ten  deinissus-gingcnsis,  Quenst. ;  inferior 

Oolite. 

omya^  n.  sp Pholadomya  fulicula,  Zeit. :  inferior  Oolite. 

iGj  n.  sp Trigonia  Jumiisphcrica,  Lye. :  inferior  Oolite. 

iOy  n.  sp Trigonia  formosa.  Lye. ;  inferior  Oolite. 

lites,  n.  sp BdcmniUs  brcviformis,  Voltz. ;  upper  Lias  to 

inferior  Oolite. 

yceraSf  n.  sp S phuwrmus  gervilli;  inferior  Oolite. 

toceraSj  n.  sp Grammorcras  toarcense,  as  figured  by  Buck- 
man:  inferior  Oolite. 

lOceraSf  n.  sp : (rrammorrras     Icnrum,     Buckni. ;     inferior 

0(»lite. 

fossils  indicate  the  former  existence  of  a  fauna  which  can  be  provisionally  con- 
l  as  belonging  to  the  upjxT  part  of  the  inferior  Oolite. 

eramus  bed. — Immediately  above  the  Mormon  sandstone  with  its  rich  fauna  there 
ata  of  a  red  sandstone  containing  very  few  remains  and  tliese  usually  in  poor 
Ion.  Three  species  of  fossils  were  found  in  them:  A  Trirbratula,  api)arenlly  the 
8  that  occurring  so  plentifully  in  the  typical  Mormon  sandstone:  two  fragments 
rge  species  of  Inoceramus;  and  a  fragment  of  an  ammonite  of  the  genus  Pcri- 
es.  The  Inoceramus  of  the  Jura  is  not  so  large  in  the  Lias  as  in  the  Oolite,  and 
ragments  appeared,  therefore,  to  liave  b(  longed  to  shells  at  h'asi  as  old  as  the 
The  specimen  of  the  Pciiaphinctra  may  pnne  to  be  identical  with  some  specie  s 
below.  It  is  probable,  therefore,  thut  this  bed  belongs,  as  in  fact  is  indicated 
geology,  to  the  upper  i)art  of  the  Mormon  sandstone.  On  the  other  hand,  the 
at  one  out  of  the  three  sjxM'ies  was  new  to  the  fauna  of  tlie  Mormon  sandstone 
8  a  provisional  separation  under  a  different  tith»  on  biologic  grounds.  I'^veii  if 
itained  by  future  work,  this  distinction  will  serv<'  a  good  purpose  if  it  succeeds 
ing  the  attention  of  collectors  in  the  samc^  or  other  localities  to  facts  that  might 
ise  escape  their  notice. 

aiionto  adjacent  formaf Ions.— Tho  Mormon  sjuidslonc  is  in  con- 
^ble  contact  with  the  Thompson  lim(\stone,  thou<j:h  it  marks  a 
ed  change  in  the  character  of  the  sediment  from  fine  calcareous 
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to  coarse  fragmontal  derived  chiefly  from  altered  andesitic  rocks. 
This  relation  may  be  best  seen  on  the  southwest  slope  of  Mount  Jura 
near  Donnen^irtli's,  where  the  positions  of  both  the  above-named 
formations  are  practically  parallel  to  that  of  the  adjacent  Hardgrave 
sandstone. 

The  isolated  mass  4  miles  northeast  of  Mount  Jura  rests  unconform- 
ably  upon  the  Hosseikus  limestone,  as  shown  in  fig.  6,  without  the 
intervening  Triassic  and  Jurassic  strata.  This  discordance,  however, 
is  not  of  deposition  but  of  dislocation  along  a  line  of  extended  faulting. 

Tlie  relation  of  the  Mormon  sandstone  to  the  later  formations  will 
be  considered  in  ccmnection  with  the  Bicknell  sandstone. 


600  feet 


Fiu.  (i.— Relation  of  Mormon  fornmtlon  to  Hosseikus  limestone.    1,  Mormon  sandstone;  2,  Hossdkus 
llmestono;  3,  Robinson  formation;  4,  eruptive  rocks. 

BICKNELL  SANDSTONE. 

Lithologic  character, — The  Bicknell  sandstone  is  composed  chiefly 
of  red  and  gray  safidstone  associated  with  some  dark  shales  and  tuffa- 
ceous  beds.  The  dark  brownish-red  sandstone  is  largely  feldspathic 
and  contains  much  red  oxide  of  iron  with  more  or  less  carbonate  of 
lime.  It  somewhat  resembles  the  red  Hardgrave  sandstone,  but  is 
darker  colored,  and  though  much  of  its  material  may  be  derived 
from  igneous  rock,  its  particles  are  Jiot  characterized  by  the  prese-nc^ 
of  numerous  small  crystals  of  feldspar  as  in  the  Hardgrave  sandstone. 
Sandstones,  mottled  gray  and  red,  form  transitions  to  the  gray  sand- 
stone which  is  the  most  al)undant  rock  of  the  formation.  Much  of  it 
is  fine  dark  l)luish  gray,  very  compact  and  hard,  breaking  with  a 
conchoidal  fracture,  and  flecked  here  and  there  by  small  particles  of 
IWrite.  It  looks  so  much  like  honifels  that  (me  is  surprised  to  find  it 
locally  full  of  large  shells.  Associated  with  this  form  is  more  or  less 
black  shale,  some*  l)eds  of  whicli  weather  white  and  look  like  fine 
volcanic  dust.  A  thin  section,  however,  shows  no  characteristic  vol- 
canic material,  but  instead  extremely  fine  sediment  with  a  multitude 
of  minute  microscojnc  crystals  of  rutile  which  have  developed  in  the 
sediment  since  it  was  laid  down. 

A  coarser  variety  of  the  sandstone  is  li^ht  ^ray  or  greenish  and 
passes  into  a  rock  which  is  full  of  small  white  crystals  of  feldspar  with 
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a  few  scales  of  gray  mica  embedded  in  a  dark  groundmass,  and  the 
general  aspect  is  decidedly  igneous.  The  fact  that  it  contains  distinct 
fossils  shows  that  it  is  fragmental,  and  it  locally  becomes  coarse,  so 
that  its  real  character  is  more  evident.  In  thin  section  under  a 
microscope  the  fine  fossiliferous  rock  is  clearly  fragmental,  and  much 
of  the  sediment  was  evidently  derived  from  the  erosion  of  volcanic 
rocks. 

Distribution  and  thickness, — The  Bicknell  sandstone  is  much  more 
regular  in  its  distribution  than  the  other  Jurassic  formations  already 
noted  and  forms  a  continuous  belt  from  the  mouth  of  Hinchman 
Ravine  across  the  east  and  north  slopes  of  Mount  Jura  to  North  Arm 
of  Indian  Valley.  Its  greatest  development  appears  to  be  on  the 
southeast  slope  of  Mount  Jura,  which  is  the  only  portion  that  is  well 
characterized  by  fossils. 

The  reddish  sandstone  is  the  earliest  portion  of  the  Bicknell  sand- 
stone and  lies  near  the  west  border  of  the  mass.  It  is  best  exposed 
along  the  crest  north  of  the  summit.  The  compact  fine  dark-gray 
sandstone  with  the  black  shaly  portions  interbedded  with  gray  sand- 
stone forms  the  middle  portion  of  the  mass  and  becomes  more  tuffa- 
ceous  along  the  east  border  where  it  adjoins  the  Hinchman  standstone. 

The  thickness  of  the  Bicknell  standstone  on  the  southeast  slope  of 
Mount  Jura,  where  its  greatest  development  occurs,  is  probably  over 
1,000  feet.  From  this  point  it  appears  to. decrease  in  magnitude  to 
the  north  and  south  so  as  to  average  less  than  500  feet  in  thickness. 

The  general  attitude  of  the  Bicknell  sandstone  is  like  that  of  the 
Hardgrave,  Thompson,  or  Mormon  formations  already  noted.  With 
but  few  exceptions  it  strikes  west  of  north  and  dips  southwest 
beneath  Mount  Jura. 

Fossils  and  age. — In  this  sandstone  fossils  are  neither  so  generally 
distributed  nor  so  abundant  as  in  the  other  Jurassic  formations 
already  noted.  None  have  been  found  north  of  the  summit  of  Mount 
Jura.     Regarding  this  Professor  Hyatt"  says: 

The  fauna  of  the  Bicknell  standstone  is  not  so  rich  in  species  as  are  the  Mormon  and 
Hardgrave  sandstones  and  the  Thompson  limestone,  nor  are  the  fossils  so  plentiful. 
The  character  of  the  rock  in  the  surface  exposures  found  by  the  party  made  it  almost 
impossible  to  get  out  large  specimens  in  perfect  condition.  Nevertheless,  a  sufficient 
number  of  molds  of  several  large  species  of  Trigonia  ( T.  obliqua  and  T.  phnnasensis) 
and  some  well-preserved  specimens  of  Gryphxa  bononi/onnis  were  secured,  all  of 
which  are  more  or  less  characteristic  of  the  youngest  faunas  of  the  Jura  in  F^urope. 

The  remains  of  the  Ammonitinie  are  fragmentar>%  but  those  that  were  found  cer- 
tainly indicate  a  somewhat  older  fauna  than  the  species  above  named.  There  are  a 
niunber  of  the  molds  Rhacophyllites  with  the  internal  septa  partly  preserved,  a  fragment 
of  %  /Jemedtid,  two  rather  poor  molds  of  Macrocephalites  (?),  and  several  fragments  of 
Perisphinctes.  These  form  an  association  which  gives  strong  support  to  Ihe  provisional 
opinion  that  the  fauna  is  really  synchronous  with  that  of  the  Callovian,  the  oldest 
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fauna  of  the  upper  Jura,  or  Malm,  in  Europe.  The  specimens  of  ChemnUzia  are  molds 
of  a  very  large  shell,  but  unluckily  do  not  show  the  aperture.  The  only  species  in 
Europe  which  appears  to  be  a  close  ally  of  this  is  also  from  Gallovian. 

The  list  below  gives  a  very  inadequate  idea  of  the  fauna,  since  none  of  the  belemnites 
or  Ammonitinaj  can  be  directly  compared  with  European  species  on  account  of  the 
need  of  more  perfect  specimens  and  are,  with  one  exception,  not  mentioned.  There 
are  also  a  large  Nerinea  and  a  few  species  of  Pelecypoda  and  Brachiopoda,  which  were 
not  considered  important  in  this  preliminary  notice. 

Taylorsvllle,  Cal.  Europe. 

Gryphxa  bononifomiiSj  n.  sp Ostrxa  bononix,  Sauv.,  as  figured  by  de 

Loriol  et  Pellat;  Portlandian. 
EntoUuni  costatnm,  n.  sp. 
Oxytoirm,  n.  sp. 

Trigonia  obliqua,  n.  sp Trigonia  michelloti,  de  Loriol;  Portlandian. 

Trigon  ia  plumasen^is,  n.  sp Trigonia  ImiUmicaj  as  figured  by  ChofEat; 

Portlandian. 

Trigonia.  navifomiis,  n.  sp Trigonia  navis;  inferior  Oolite. 

Chenmitzia,  n.  sp Chemnitzia  athleta,  d'Orb. ;  Corallian. 

RhacophylliUs,  n.  sp. 

The  group  of  Trigonia  glabrae  to  which  T.  obliqua  belongs  reached  its  acme  in  the 
Portlandian,  the  species  being  both  rare  and  comparatively  small  in  the  Lias  and 
mforior  Oolite.  T  obliqua  is  of  extraordinary  size  and  shows  the  incomplete  costs 
of  the  Portlandian  species.  The  group  of  Trigonia  to  which  T.  plumasenna  belongs  is 
very  peculiar  in  the  characteristics  of  the  cost*  and  the  ornamentation  of  the  anal 
area,  and  it  has  hitherto  been  represented  in  Europe  only  by  the  unique  form, 
T.  iHsitanica,  found  only  in  the  highest  Jura  of  Portugal.  Besides  these  two  laige 
species  there  ia  also  in  T.  navifomiis  an  equally  large  representative  of  another  peculiar 
and  hitherto  unique  style  of  ornamentation.  This,  as  its  name  implies,  is  similar  to 
T.  navis  of  the  inferior  Oolite  in  Germany,  a  species  hitherto  considered  to  be  the 
only  representative  of  a  very  distinct  group,  the  Trigonia  schapoidXf  and  having  a 
pattern  of  costation  not  found  in  any  other  species  (except  T,  naviformis)  and  a  narrow 
chorologic  range. 

The  group  of  the  Trigonia  undulatx  is  represented  by  a  species  also  of  extraordinary 
size,  but  the  Trigonia  clavcllata'^  the  group  more  largely  represented  than  any  oth^  in 
the  inferior  Oolite  (if  one  can  judge  from  the  simple  specimen  obtained  in  the  Bicknell 
sandstone)  is  not  materially  modified. 

Bichuil  tuff. — Above  the  sandstone  and  in  immediate  contact  with  it  is  a  tuff 
described  by  Mr.  Diller,  which  contains  in  part  the  same  species  as  the  sandstone,  and 
the  fossils  indicate  the  same  fauna.  Xevertheless,  it  should  be  noticed  that  it  con- 
tained  no  remains  of  Trigonia,  and  that  the  fauna  ha»s  not  been  critically  examined. 

Relation  to  adjacent  formations. — As  to  the  relation  of  the  Mormon 
and  Bicknell  sandstones,  observations  are  not  so  definite,  though  they 
point  to  conformity.  V\^o\\  the  south  slope  of  Mount  Jura,  as  well  as 
upon  its  north  end,  the  two  sandstones  are  separated  by  a  belt  of 
nieta-andesite,  hut  for  nearly  a  mile  north  of  the  summit  they  appear 
to  be  in  conformable  contact.  The  actual  cimtact  was  not  observed, 
but  throughout  the  two  formations  appear  in  parallel  position.  The 
adjoining  formations  are  connected  l)y  transiti(mal  sediments  and 
there  is  no  decided  interruption  visible  between  them  excepting  a 
change  in  fauna. 


JURASSIC   ROCKS.  51 

HINCHMAN  SANDSTONE. 

lAthologic  chardcter. — The  Hinchman  sandstone  is  composed  essen- 
tially of  coarse  sandstone  with  shaly  parts  and  some  conglomerate 
which  is  generally  fine  and  derived  chiefly  if  not  wholly  from  andesitic 
rocks.  Much  of  it  is  decidedly  tuffaceous.  The  most  common  form 
is  greenish  gray  and  contains  darker  colored  shaly  patches,  but  is  not 
conspicuously  fragmental.  Examined  microscopically  it  is  found  to 
be  made  up  largely  of  fragments  of  feldspar,  augite  crystals,  and  vary- 
ing proportions  of  andesitic  rock,  fragments  of  which  are  cleariy  micro- 
porphyritic.  The  feldspar  is  generally  much  altered.  Some  of  the 
augite  is  fresh,  but  most  of  it  is  altered  to  chlorite,  giving  a  greenish 
color  to  the  rock.  It  is  never  coarse  like  volcanic  agglomerate,  though 
it  is  sometimes  made  up  largely  of  ejected  volcanic  material,  some  of 
which  is  cleariy  pumiceous.  The  grains  are  rarely  well  rounded  by 
attrition,  though  it  is  evident  that  they  have  been  transported  and 
loosely  aggregated  on  the  sea  floor,  affording  comers  and  cavities 
where  corals,  belemnites,  and  a  number  of  other  marine  forms  flour- 
ished. Remains  of  these  animals  are  not  confined  to  one  horizon,  but 
are  scattered  throughout  the  formation.  The  conglomerate  locally 
becomes  coarse  and  composed  of  pebbles,  some  of  which  are  well 
rounded;  others  are  angular.  The  largest  pebbles  are  rarely  a  foot  in 
diameter.  One  of  the  most  abundant  types  is  a  reddish,  decidedly 
microporphyritic  andesite.  Others  less  common  are  dark  and  macro- 
porphyritic,  with  either  feldspar  or  hornblende  phenocrysts.  Lime- 
stone pebbles  or  nodules  occur  sporadically,  but  none  could  be  foimd 
with  fossils. 

IHstrilyiUion  and  thickness. — The  outcrop  of  the  Hinchman  sand- 
stone is  confined  to  the  slopes  of  Mount  Jura,  and  stretches  in  one  con- 
tinuous belt  from  the  mouth  of  Hinchman  Ravine  to  the  borders  of 
North  Arm.  Like  the  other  formations  of  Mount  Jura  its  general 
strike,  without  much  variation,  is  a  few  degrees  west  of  north  and  its 
dip  to  the  southwest.  Its  best  exposures  are  at  Curtice  Cliff,  in  the 
lower  part  of  Hinchman  Ravine,  where  most  of  the  fossils  were  col- 
lected, though  they  occur  also  along  the  crest  on  the  northern  slope. 
The  greatest  variation  from  the  normal  Hinchman  tufTaceous  sand- 
stone occurs  in  the  T;oarse  conglomerate  with  well-rounded  pebbles 
along  the  west  slope  of  South  Fork  of  Foremans  Ravine.  This  con- 
glomerate somewhat  resembles  that  of  the  Mormon  fonnation  exposed 
by  the  Lucky  S  road  on  the  flat  near  Foreman  and  its  strike  appears 
to  connect  it  with  that  mass.  No  fossils  could  be  found  in  it,  and  the 
stratigraphy  of  the  west  slope  of  the  South  Fork  of  Foremans  Ravine 
places  it  in  the  upper  part  of  the  Hinchman  sandstone  as  here  con- 
sidered. This  conglomerate  ranges  from  50  to  nearly  200  feet  in 
thickness  and  was  not  recognized  in  Hinchman  Ravine,  where  the 
tuffaceous  portion  of  the  formation  has  its  greatest  development  and 
attains  a  thickness  of  500  feet. 
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Fossils  and  age. — The  most  widely  distributed  and  characteristic 
fossils  of  this  horizon  are  corals  which  Professor  Hyatt  relegates  to  the 
genus  Stylina  and  has  designated  the  bed  in  which  they  occur  ^'Stylina 
bed/'     He  reports  further**  in  the  paper  previously  referred  to  that — 

Tho  presence  of  the  same  species  of  RhacophyllUes  as  that  found  in  the  Bicknell  sand- 
stone indicates  the  continuity  of  the  fauna  of  this  bed  with  that  of  the  preceding;  but, 
on  the  other  hand,  the  absence  of  Trigonia  and  the  presence  of  dose  allies  of  Ostrssa 
brunlnUana  and  of  Pecten  suprajiirends,  shows  that  we  have  ascended  in  time  to  a 
younger  fauna.  The  abundance  of  corals  of  the  genus  $tyl%nay  these  being  the  most 
widely  distributed  and  characteristic  fossils  of  the  Hinchman  tuff,  shows  that  the  age  ia 
prol)ably  that  of  the  Corallian.  In  Europe  these  corals  are  rare  in  the  Oolite,  but  reach 
their  acme  in  numbers  of  species  and  forms  in  the  Corallian  of  the  upper  Jura.  The 
opinion  expressed  with  regard  to  the  age  of  the  Bicknell  sandstone  is  greatly  strength- 
ened by  this  fact,, and  it  also  adds  to  the  evidence  that  the  subdivisions  of  the  Jura  in 
North  America  and  in  Europe,  like  those  of  the  Trias,  msky  be  compared  much  more 
closely  than  one  would  at  first  suspect  from  the  extremely  fragmentary  records  hereto- 
fore found  in  this  country. 

The  fossils  occurred  in  patches  and,  although  abundant,  good  specimens  were  not 
easily  obtained .     The  list  is  as  follows : 

Taylorsvillo,  CaK  Europe. 

Gryphaa  curtici,  n.  sp Ostrxa  brunirutanaj  as  figured  by  de  Lorid; 

Corallian  to  Portlandian. 

Caviplanecks  bellistriatiiSy  Meek Pecten  suprajurensis,   Buvignier;   Kimme- 

ridgian. 

Chinmitzia Chemnitzia aUUetay d'Orb.;  Corallian. 

Hhiwopkyllites  (same  species  as  in  the  Bick- 
nell sandstone). 

.„  ;.      ,   ,    ,v  I -S'^wZina  iw6wfo/era,  Ed.  et H. ;  CoraUian. 

Styluia  t ((bull/era {     .\        ^   .    ..^      V^  , ,.      ^      „. 

I  Astrea  tubultfera,  Goldf. ;  Corallian. 

kStylhi^i  subjcvta,  n.  hj) ( losely  allied  to  a  specimen  in  Museum  of 

Comparative  Zoology  named  S.  echinu- 
lata^  Lmk. ;  Corallian. 

/Sty Una  alba,  n.  sp 

JStylina  minula^  n.  sj) Resembles  the  Cretaceous  species  figured 

by  Goldfuss  as  Astrea  geminata  (equal  S. 
gemiTiatay  Ed.  et  H.),  but  septa  are  not  so 
Hymmetrical. 

Stylinu  intermedia^  n.  Hp. 

Sty  linn  tertla,  n.  sp. 

Two  speci(?s  of  Belemnites  and  a  number  of  gasteropods,  pelecypods  and  brachiopods 
were  also  fcmnd  in  this  hod. 

li elation  to  Biclcnell  sandstone. — The  Hinchman  and  Bicknell  sand- 
stones are  conformable  and  connected  by  intergradation,  so  that, 
thougli  the  Bicknell  sandstone  is  prevailingly  fine  and  the  Hinchman 
pn^vailingly  coarse  tuffaceous  sandstone,  there  is  no  sharply  traceable 
boundary  between  them.  The  general  lithologic  diflFerences,  in  addi- 
tion to  the  faunal  contrasts  pointed  out  by  Professor  Hyatt,  furnish 
sufTicient  grounds  for  distinction.  Nevertheless,  these  two  forma- 
tions have  greater  similarity  than  any  other  two  of  Moimt  Jura. 

"Op.  fit.,  J).  4()7. 
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FOREMAN  FORMATION. 

Liihologic  character. — The  Foreman  formation  is  a  succession  of 
shale,  sandstone,  and  conglomerate  in  which  the  sediment  is  for  the 
most  part  derived  from  rocks  which  are  not  clearly  volcanic.  The 
shales  are  often  slaty  and  locally  have  ^* pencil  structure/'  and  range 
in  color  from  dark  carbonaceous  with  traces  of  leaves  through  gray, 
which  predominates,  to  shades  and  tints  of  red  and  yellow.  A 
remarkable  feature  of  the  shales  locally  is  their  pencil  structure,  which 
is  particularly  well  developed  in  the  sunmiit  of  Evans  Peak.  The 
beds  of  red  and  gray  sandy  shales  making  the  summit  of  the  peak 
break  up  into  small  colunms,  often  of  lead-pencil  size,  but  generally 
smaller.  They  are  less  commonly  larger,  reaching  a  maximum  length 
of  7  inches  and  a  diameter  of  about  half  an  inch.  The  pencils  are 
commonly  four  sided  and  diamond  shaped  or  rhombic  in  cross  sec- 
tion, but  occasionally  they  have  three  or  five  sides. 

Almost  as  abundant  as  the  shales  are  the  sandstones,  most  of  which 
are  very  fine  and  decidedly  shaly.  They  are  reddish  brown  and  gray, 
sometimes  mottled  with  darker  spots,  chiefly  carbonate  of  lime. 
These  spots  weather  out  more  easily  than  the  other  parts  and  leave 
the  rock  with  occasional  holes  in  its  surface.  Occasionally  the  gray 
sandstone  is  more  siHceous  and  contains  irregular  particles  which  give 
to  the  mass  the  appearance  of  a  fine  tuffaceous  conglomerate. 

Conglomerate  is  less  abundant  than  either  shale  or  sandstone  and 
is  usually  in  thin  beds  of  small  extent  scattered  throughout  the 
formation.  The  most  characteristic  conglomerate  of  this  formation 
is  composed  almost  wholly  of  small  pebbles  of  cherty  quartz,  black 
and  gray  in  color,  and  rarely  over  half  an  inch  in  diameter.  Of  this 
there  are  but  few  beds  ranging  from  5  to  12  feet  in  thickness.  A 
more  abundant  form  of  conglomerate  contains  locally  many  shale 
fragments  and  well-rounded  pebbles  chiefly  of  meta-andesites  and 
rhyolites,  with  a  few  of  fossiliferous  limestone.  The  majority  of  the 
beds  are  snaall  and  are  made  up  of  small  pebbles,  rarely  as  large  as 
3i  inches  in  diameter.  Associated  with  the  limestone  pebbles  in  the 
conglomerate  are  concretionary  nodules  of  carbonate  of  lime,  which 
occur  also  in  the  shale  and  sandstone.  They  do  not  contain  fossils 
and  grade  into  the  inclosing  rock  instead  of  having  a  sharp  contact, 
as  is  the  case  with  the  limestone  pebbles. 

Distrihutum  and  thicTcness. — The  Foreman  formation  occupies  a 
larger  area  than  all  the  other  Jurassic  formations  of  that  region  com- 
bined, and  extends  from  Genesee  Valley  northwest  to  Mountain 
Meadows,  a  distance  of  13  miles.  Two  interruptions  occur  in  the 
belt,  one  near  Hinchman  Ravine  by  meta-andesite,  and  the  other  at 
North  Arm,  where  it  is  covered  by  alluvium.  At  the  northwest  end 
of  the  exposure  the  Foreman  beds  disappear  in  the  same  way  by 
passing  beneath  the  alluvium  of  Mountain  Meadows  and  the  lava^ 
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of  the  great  volcanic  field  beyond.  The  small  area  on  the  border  of 
North  Arm,  a  mile  north  of  Peters  Creek,  is  the  edge  of  a  large  con- 
necting mass  which  underlies  the  alluvium  of  North  Arm,  but  the 
two  small  areas,  one  on  Lights  Creek  and  the  other  on  Surprise  Creek, 
are  entirely  isolated.  Though  the  formation  is  composed  of  inter- 
stratiiied  shale,  sandstone,  and  conglomerate  throiighout,  these  rocks 
are  so  distributed  that  the  formation  may  be  roughly  divided  into 
three  members  of  about  equal  thickness.     The  upper  or  oldest  mem- 


Fio.  7.— Swaion  of  InteH^idde*!  shale  and  sandstone  of  Evans  Peak,  showing  relation  of  Joint  ami 
fx^ncil  Rtruoture.    1,  Jointed  stnicture  of  sandstone  and  shale;  2,  pencil  structure  of  shale. 

ber,  along  the  west  border  of  the  formation,  is  composed  very  largely 
of  dark  shale  with  a  few  beds  of  fine  cherty  quartz  conglomerate 
and  contained  nearly  all  the  fossils  thus  far  collected  from  the  forma- 
tion; the  middle  member  is  chiefly  gray  sandstone  with  a  few  trac^es 
of  fossils,  while  the  lower  or  youngest  member,  lying  along  the  east 
border,  is  made  up  largely  of  gray  shales  and  as  far  as  yet  known  is 
without  fossils. 

The  Lucky  S  road  affords  a  good  section  of  this  formation,  espe- 
cially of  the  cherty  conglomerates,  in  its  older  portion  near  the  western 

border,  but  the  most  continuous  exposures 
occur  on  the  steep  slopes  of  Evans  Peak,  where 
1,600  feet  of  strata  outcrop.  All  three  mem- 
bers arc  well  exposed  in  the  Evans  Peak  sec- 
tion, and  shales  predominate,  interstratified 
with  sandstone  and  numerous  layers  of  con- 
glomerate. As  already  noted,  the  shales  are 
remarkable  for  their  highly  developed  pencil 
structure.  The  shales  dip  to  the  southwest  and 
arc  rut  by  joints  having  about  tlio  same  strike  and  a  somewhat  steeper 
(lip  to  the  northeast.  The  johit  planes  are  usually  verj'  rough,  due  to 
the  impinging  of  the  pencils,  which  are  vertical.  The  general  relations 
of  tlio  stratification  to  the  johiting  and  the  vertical  pencils  are  shown 
in  fig.  7,  and  the  plan  of  the  pencil-making  fissures  on  the  plane 
of  stratification  in  fig.  S.  The  ])lanes  bordering  the  pencils  are  not 
clearly  slickensided,  and  yet  they  may  have  been  planes  of  motion 
to  ])ro(luce  th(v  several  sets  of  slaty  cleavage  which  divide  the  mass 


KiG.  s.— Plan  of  pencil  slnicturo 
on  piano  of  stratification,  n-h, 
Strike. 
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into  pencils.  The  pencil  structure  of  the  sandy  shales,  although  best 
developed  on  the  slopes  of  Evans  Peak,  occurs  on  Peters  Creek  and 
elsewhere  locally  in  the  finer  sediments  of  the  Robinson  beds,  as  well 
as  in  the  formations  of  Mount  Jura. 

Fossils  and  age, — Foasil  plants  were  discovered  near  Foreman  in 
dark  shale  close  to  the  west  border  of  this  formation  by  Cooper  Curtice 
in  1890,  and  at  a  later  date  the  small  collection  was  somewhat  enlarged 
by  E.  G.  Paul  and  James  Storrs.  Professor  Fontaine  studied  the 
collection  and  described®  the  plants,  and  his  conclusions  are  as  follows: 

The  plants  are  very  fragmentary,  and  most  of  them  are  jKX)rly  preserved.  The  most 
distinct  are  a  small  Equisetum  and  several  ferns  with  small  pinnules.  The  ferns  are 
the  most  numerous,  but  unfortunately  they  present  mostly  such  portions  as  the  tips 
of  pinnse  and  detached  fragments  of  pinnae.  The  amount  of  material  is  not  sufficient 
to  enable  one  to  determine  with  positiveness  their  relations  to  previously  described 
forms,  for  ferns  are  so  notoriously  variable  in  foliage  that  a  considerable  amount  of 
material  is  needed  to  make  reliable  determinations.  Still,  taking  the  collection  as  a 
whole,  and  looking  to  the  nearest  relationships  with  previously  known  fossil  plants, 
we  may  arrive  at  some  results  with  a  considerable  degree  of  certainty. 

The  plants  are  certainly  younger  than  Paleozoic,  and  as  the  elements  of  the  flora 
are  ferns,  equiseta,  cycads,  and  conifers,  with  no  trace  of  dicotyledons,  th(»y  are 
Mc^)zoic,  most  probably  older  than  Cretaceous,  with  the  possible  exception  of  its 
very  base. 

Owing  to  the  imperfection  of  the  material  and  the  absence  of  the  type  forms.  I  can 
not  come  to  a  positive  conclusion  as  to  the  (»xact  position  in  the  Mesozoic  of  these 
plants,  but  I  think  the  weight  of  evidence  is  stn^ngly  in  favor  of  the  flora  being  Rhjet  ic 
or  upp<jrmogt  Trias. 

In  a  paper  on  the  geology  of  the  Taylorsville  region  of  California,^ 
the  Foreman  beds,  on  the  evidence  afforded  by  the  plants,  were 
relegated  to  the  top  of  the  Triassic.  At  that  time  only  a  few  traces 
of  fossil  animals  were  known  in  the  Foreman  beds.  A  belemnito,  a 
gasteropod,  and  a  cast  of  a  bivalve  shell,  with  traces  of  plants,  had 
been  found  about  a  thin  layer  of  dark  bluish  limestone  at  the  head 
of  Starks  Ravine,  near  the  south  line  of  sec.  35,  T.  27  N.,  R.  10  E., 
about  3  miles  southeast  of  Evans  Peak. 

Further  collections  of  fossil  plants  were  made  at  the  same  locality 
by  James  Storrs  in  1904  and  submitted  to  F.  H.  Knowlton,  who 
reports  as  follows: 

AcrofltichiteB  ?  princeps  (Presl.)  Schenk.  ,  Equisetum  munsteri  (8t)).)  Brongn. 
Acroetichites  brevipennis  Ward.  Podozuniites  ?  sp.? 

SagenopteriB  ?  sp.  Conifers  ?  fragments. 

These  determinations  are  based  on  Fontain(»'s  identifications  of  the  earlier  mate- 
rial from  the  same  locality,  as  recorded  in  "Ward's  Status  of  the  Mesozoic  Floras,  thirst 
Paper,  pages  333,  334.  I  have  not  looked  far  enougli,  into  the  question  to  have  an 
opinion  as  to  the  bearing  of  these  plants  on  the  age,  but  I  may  say,  aftcT  l(K)king 
rather  hastily  over  the  earlier  material,  that  I  incline  to  question  several  of  Fon- 
taine's generic  determinations.  His  Podozamitcs  f  taylorvillerms  is  certainly  a  Ptero- 
phyUum^  his  Sagenopteris  looks  to  me  like  Glossopteris,  and  his  Acrostichitfs  may 
prove  to  be  Oldchenia  or  Gleichenopsis.     (Februar>'  8,  1905.) 

•  Twentieth  Ann.  Kept.  V.  S.  (leol.  Survey,  pt.'i,  V.^Wf^,^-''^^. 
*BiilJ.  Geol.  SiM'.  Americii,  vol.  3.  lSir2.  p.  TiX 


56  THE   TAYLORSVILLE   REGION,  CALIFORNIA. 

The  discovery  of  shells  at  a  new  locality  in  this  formation  by 
James  Storrs  in  1904  affords  more  important  data  for  reference  to  a 
definite  horizon.  The  shells  occur  in  the  older  portion  of  the  forma- 
tion, near  the  plant  beds,  in  approximately  the  same  horizon  as  those 
of  Starks  Ravine.  They  were  studied  by  T.  W.  Stanton,  who 
reported  January  20,  1905,  as  follows: 

The  fossils  were  compared  with  the  earlier  collections  from  the  Bame  region  studied 
by  Professor  Hyatt,  and  it  was  thus  practicable  to  confirm  Mr.  Diller's  field  determi- 
nations of  horizons,  although  in  most  cases  the  fossils  are  not  specifically  identified 
because  the  species  have  not  been  described. 

The  only  fmpcrtant  change  in  our  ideas  concerning  the  relations  of  the  various 
Mesozoic  formations  of  the  region  is  caused  by  the  collection  from  the  Foreman  beds 
(No.  6776).  This  formation  has  previously  yielded  only  a  few  fragmentary  plants 
which  were  supposed  to  be  Upper  Trias  (Rhsetic).  The  present  collections  of  marine 
invertebrates  is  sufficient  to  prove  that  at  least  a  part  of  the  formation  is  Middle 
Jurassic  or  later. 

The  following  lists,  with  brief  comments,  will  indicate  the  character  of  the  collection 
from  each  locality: 

677(5.  South  fork  of  Foremans  Ravine,  3  miles  northeast  of  Taylorsville. 
Pecten  sp. 

Trigonia  naviformis  Hyatt  ?. .  .Fragments  of  this  or  a  closely  related  species. 
Astarte  sp. 

Porisphinctos  ?  sp Imprint. 

Ammonites Imperfect  imprints  of  two  genera. 

Bclemnites Imprint. 

Several  imdetermined  small  pelecypods  and  gasteropods,  represented  by  casts 
and  imprints. 
This  lot  (liff(^rs  lithologically  and  in  general  faunally  from  any  of  the  known  fossil- 
iferous  horizons  of  the  Taylorsville  Jurassic. 

The  Trigonia  is  convincing  evidence  that  the  bed  from  which  it  came  is  later  than 
the  Triassic,  and  the  close  relationship,  if  not  identity,  of  this  Trigonia  with  T.  navi- 
forniis,  as  well  as  the  character  of  several  of  the  other  forms,  indicates  that  the  horizon 
is  in  the  Jurassic  and  later  than  the  Hardgrave  sandstone — possibly  later  than  the 
Bicknoll  sandstone. 

In  reply  to  my  question  as  to  the  faunal  relation  of  these  beds 
to  the  Hardgrave  sandstone,  Stanton  stated  that  they  may  well  be 
the  youngest  Jurassic  beds  of  the  region,  even  younger  than  the 
Hinchman.  This  statement  of  Stanton  is  confirmed  by  the  stratig- 
raphy of  the  region,  which  places  the  P'oreman  beds  next  younger 
than  the  Hinchman  sandstone. 

Relation  to  adjacent  formations. — The  general  strike  of  the  Fore- 
man beds  is  northwest  and  the  dip  is  to  the  southwest  immediately 
beneath  the  Hinchman  sandstone  and  all  the  other  formations  of 
Mount  Jura  which  have  been  overturned.  The  contact  between  the 
Foreman  and  Hinchman  strata  is  locally  very  irregular  along  the 
east  side  of  Hinchnum  Ravine,  and  the  lack  of  accord  in  the  strikes 
of  the  two  formations  suggests  a  slight  unconformity.  Completely 
satisfactory  evidence  on  this  point  could  not  l)e  obtained,  though  it 
is  supported  by  the  fact  that  in  the  hills  just  east  of  Foreman  the 
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Foreman  beds  unconformably  overlap  the  Mormon  formation  with- 
out the  intervening  Bicknell  and  Hinchman  sandstones.  Farther 
northwest,  beyond  North  Arm,  the  Foreman  beds  come  in  direct  con- 
tact with  the  metarhyolite  and  the  Robinson  formation  without  any 
intervening  Jurassic  and  Triassic  strata.  Northeast  of  Mount  Jura, 
at  the  head  of  South  Fork  of  Foremans  Ravine,  the  Foreman  beds 
unconformably  overlap  the  Peale  formation  of  Carboniferous  age  but 
do  not  come  in  contact  with  any  other  sediments  in  that  locality. 

As  bearing  upon  the  unconformity  between  the  Foreman  beds  and 
the  Carboniferous  formations,  it  may  be  noted  here  that  fossiliferous 
limestone  pebbles  were  found  in  the  conglomerate  of  Evans  Peak. 
In  them  Girty  reports  Diphyphyllum  sp.,  AmpUxus?  sp.,and  ArcJise- 
oddaris  sp.,  and  remarks  that  they  are  ''certainly  Paleozoic  and 
probably  Carboniferous.^' 

) 

SOUTHERN  EXTENSION  OF  THE  TRIASSIC  AND  JURASSIC  ROCKS  OF  THE 
TAYLORSVILLE    REGION. 

The  Mesozoic  formations  of  the  Taylorsville  region  are  cut  off  by 
igneous  rocks  before  reaching  the  fortieth  parallel.  Next  south  of 
that  line  is  the  Downieville  quadrangle,  which  has  been  mapped  and 
described  in  a  folio  by  H.  W.  Turner.  He  recognizes  two  formations 
in  the  **  Juratrias."  The  lower  he  regards  as  closely  related  to  the 
Sailor  Canyon  formation,  and  the  upper  he  designates  the  Milton 
formation.  The  distribution  of  these  two  formations,  as  far  as  it 
has  been  possible  to  separate  them,  is  shown  in  PI.  I. 

8AIIX>K  CANYON  FORMATION. 

The  lower  portion  is  composed  chiefly  of  siliceous  argillite  with 
some  coarser  sediments  in  part  volcanic,  and  a  layer  of  fine  breccia 
of  gray  fragments  in  a  dark  matrix  which  contains  radioiarian  re- 
mains. An  ammonite  was  found  in  the  siliceous  slates,  which  shows 
that  they  are  closely  related  to  the  Sailor  Canyon  beds  which  Walde- 
mar  Lindgren  discovered  in  the  Colfax  and  Truckee  (juadrangles 
south  and  southeast  of  Downieville. 

According  to  Lindgren  black  calcareous  shale  witliout  pronounced 
fissility,  interbedded  with  subordinate  strata  of  quartzite  and  lime- 
stone possibly  to  the  thickness  of  6,000  feet,  is  well  exposed  with 
easterly  dip  along  North  Fork  of  the  American  River  in  the  neigh- 
borhood of  New  York  and  Sailor  Caiiycm,  where  the  lower  part  con- 
tains numerous  imperfect  ammonites  and  shells  of  DaoneUn  and 
Monotis.  The  basal  bed  is  a  closely  packed  conglomerate  of  chert 
and  slate,  and  all  the  relations  observed  on  {\w  American  River 
Lindgren  thinks  "point  strongly  to  an  unccmformity  between  the 
Juratrias  and  the  Carboniferous." 
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The  fossils  and  the  lith()l()o:y  of  the  Sailor  Canyon  beds  on  American 
River  at  once  suggest  the  Swearinger  formation  to  any  one  familiar 
with  the  Tayloi-sville  region,  but  this  may  l)e  deceptive.  Professor 
Hyatt,  who  has  made  a  thorough  study  of  the  fossils  from  both 
localities,  remarks °  tliat  ^'the  entirely  distinct  species  of  the  two 
localities,  even  in  the  genera  Monotis  and  DaonelUij  show  that  there 
were  two  distinct  faunal  areas,  and  that  there  couhl  liave  been  no 
communication  between  them  during  the  time  of  the  deposition  of 
the  Monotis  and  DaoneUa  beds,  even  if  it  is  admitted  that  they 
were  contemporaneous  in  deposition,  an  opinion  which  can  not  be 
maintained  by  any  facts  now  known." 

MILTON  FORMATION. 

Turner  describes  the  formation  as  made  up  ''largely  of  tuffs,  all 
of  which,  being  eveidy  stratified,  present  the  appearance  of  having 
been  laid  down  in  water.  These  beds  ccmtain  igneous  fragmental 
(pyi'oclastic)  material  of  the  augitic  greenstone  series,  quartzito, 
fine  red  slates,  a  little  marble,  and  a  variegated  breccia  or  conglom- 
erate." The  limestone  ccmtains  garnet  and  wollastonite  and  the 
sandy  sediments  l)rown  mica  developed  under  the  metamorphosin<r 
influence  of  th(»  adjacent  granitic  intrusicms.  The  Milton  formation, 
Turner  states,  is  distinctly  later  in  age  than  the  siliceous  slates 
(vSailor  Cannon)  and  are  probably  Jurassic.  A  comparison  with 
the  Taylorsville  section  suggests  that  they  may  be  the  equivalent 
of  th(»  Trail  formation,  which  is  of  fresh-water  origin  and  contains 
much  ])vi()clastic  material  with  other  sediments  and  few^  fossils. 

\\\  the  northwest  portion  of  the  Truckee  quadrangle  masses  of 
(lia])ase  and  diahase  porphyiy  intercalated  in  the  slates  and  tuffa- 
(•(M)us  rocks  are  of  frecjuent  occurrence,  and  Lindgren  suggests  that 
they  may  l)e  the  Milton  formation. 

On  the  gen(M*al  geologic  map  of  th(»  Lassen  Peak  region  and  the 
norlheiii  end  of  the  wSierra  Nevada  the  Sailor  Canyon  beds  are 
mappecl  as  Triassic  and  the  Milton  as  Jurassic.  Lindgren  and  Turner 
])()inte(l  out  that  tliese  rocks  are  nnich  less  ccmipressed  than  those 
of  Paleozoic  ag(».  These  Mesozoic  rocks  dip  eastward  and  apj)ear 
to  he  eonformahh*  tliroughout,  hut  rest  with  marked  unconformity 
upon  the  (\*iri)()nifer()us  i-oeks. 

A  shoit  (hstance  east  of  the  ixwxx  cov(M*(m1  h\  the  general  map 
(PI.  I),  in  western  Nevada,  are  a  numher  of  localities  at  which 
fossilifeious  Triassic  and  Jurassic  strata  liavc*  been  found.  The 
most  impoi'tant  Triassic  arenas  arc*  a  few  niih\s  southeast  of  Dayton, 
near  Volcano,  .']0  miles  northeast  of  Walker  Lake,  at  New  Pass  hi 
lh(»  I)(\salova  Mountains,  and  es])e('ially  at  Star  Peak  near  Iluni- 
holdt,  a  locality  made  famous  hy  tlu^  work  of  the  Fortieth  Parallel 

"  Hull.  (;<-()|.  Sor.  AliMTU'M    \(.l.  :.    IS'.M.  p.  ^'MK 
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Survey.  At  all  of  these  localities  the  fossils  indicate,  accordin^i:  to 
Professor  Hyatt"  and  James  P.  Smith/  a  horizon  lower  than  the 
Hosselkus  limestone,  about  the  position  of  the  Pit  shales  so  well 
exposed  in  the  Redding  quadrangle.  Lindgren  has  shown  ^  that  in 
northeast  Oregon  and  the  adjoining  portion  of  Idaho  the  Triassic, 
like  that  of  the  Taylorsville  and  Redding  regions,  is  well  developed, 
suggesting  connection  with  the  great  masses  of  British  Columbia. 
At  Soda  Springs,  Idaho,  about  100  miles  north  of  Ogden,  a  still 
lower  horizon  of  Triassic  (xjcurs.  It  is  the  oldest  known  in  the 
Nevada  basin  region.  This  basin  contains  also  Jurassic  strata.  As 
shown  by  Hyatt,  the  fauna  of  the  Hardgrave  formation  of  Taylors- 
ville occurs  at  Volcano,  30  miles  east  of  Walker  Lake  in  Nevada, 
and  at  Bear  Creek  in  the  Blue  Mountains  of  eastern  Oregon,  and  he 
asserts ''  that  ''it  is  obvious  that  there  was  no  barrier  between  these 
three  littoral  faunas  at  the  time  of  the  deposition  of  the  upper  Lias 
of  Taylorsville  and  that  the  three  basins  were  contemporaneous 
and  connected. '^ 

RELATION   OF   THE   TAYLORSVn.LE   JURASSIC   TO   THE    MARIPOSA. 

The  latest  conclusion  of  Professor  Hyatt  concerning  the  relative 
age  of  the  Jura-Triassic  rocks  of  the  Sierra  Nevada*^  i)laces  the 
Hinchman  formation  about  the  middle  of  the  upper  Jurassic  next 
older  than  the  Mariposa  formation  that  lies  toward  the  base 
on  the  west  slope  of  the  Sierra  Nevada.  He  remarks  the  dis- 
tinctness of  their  faunas.  The  areal  relation  of  tlie  two  formations 
at  their  nearest  approach  is  shown  on  the  general  map,  PI.  I. 
The  fauna  of  the  Foreman  beds  had  not  been  discovered  when 
Professor  Hyatt  wrote,  and  it  seems  very  probable  that  a  thorough 
study  of  it  by  a  paleontologist  in  the  field  may  bring  the  Foreman 
beds,  the  latest  Jurassic  of  the  Taylorsville  region,  and  the  Mariposa 
still  closer  together. 

The  Mariposa  formation  outcrops  on  the  western  slope  near  the 
foot  of  the  Sierra  in  several  long,  narrow  areas  approximately  j)arallel 
to  the  range.  To  the  northwest  of  Mariposa,  one  belt  of  (exposures 
ends  near  Folsom  and  the  other  near  Colfax.  Farther  in  the  same 
direction,  near  Oroville,  some  black  slates  ccmtaining  a  remarkable 
flora  have  been  called  Monte  de  Oro  formation  by  Turner/  Their 
lithologic  similarity  to  the  Mariposa  is  striking  and  tli(»ir  flora  is 
thought  by  the  paleobotanists  to  indicate  about  the  same  horizon. 

a  BuU.  Geol.  Soc.  America,  vol.  5. 18!M  p.  400. 

fr  Jour.  Geology,  vol.  0. 1898,  p.  778. 

c  Sdenoe,  new  ser.,  vol  13, 1<X)1  p.  270. 

a  Op.  cit.,  p.  401. 

«  Op.  dt.,  pp.  412-413. 

/Seventeenth  Ann.  Rnpt.  V.  S.  (Jcol.  Survey,  pt.  1.  1v.m»,  p.  .'iiS.  .\  fuller  miount  <>f  tliis  formalion 
Is  in  couneof  publication  hy  the  p^^v'e^t  writer  in  the  Bulletin  of  the  (Jeologieail  Society  of  America, 
vol.  19. 
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In  these  plant  beds,  however,  some  invertebrate  fossils  have  been 
recently  discovered  by  James  Storrs  and  they  throw  new  light  on 
the  age.  Concerning  Storrs's  collection  T.  W.  Stanton  reports 
(February  3,  1908)  as  follows: 

About  a  year  ago,  in  reporting  on  another  collection  obtained  by  Mr.  Storrs  from 
thase  beds,  I  expressed  the  opinion  that  they  are  Jurassic,  and  older  than  the  Mariposa 
beds.  The  fossils  now  under  examination  add  several  species  to  the  previous  list, 
although  I  am  still  unable  to  assign  them  to  described  species,  and  they  do  not  therefore 
afford  a  good  basis  for  correlation  with  well-established  horizons.  Perhaps  the  most 
important  addition  is  the  form  doubtfully  referred  to  Aucella.  It  is  represented  by 
one  fairly  good  valve  and  a  fragment  of  another  which  might  belong  to  eitlier  A.  piodd 
of  the  Knoxville  or  to  ^.  erringtoni  of  the  Mariposa  as  far  as  can  be  determined  from  the 
features  preserved.  Unfortunately  there  is  no  right  valve  in  the  collection,  and  the 
generic  reference  is  not  positive.  If  it  is  really  an  Aucella^  the  age  of  the  beds  is  either 
Mariposa  or  Knoxville,  more  likely  the  former.  The  general  character  of  the  other 
forms  is  suggestive  of  the  older  faunas  of  the  Taylorsville  region,  but  it  must  be  admitted 
that  there  is  no  definite  evidence  of  this. 

The  following  list  mentions  the  forms  distinguished : 

Ostrea  sp. 

Peclen.     Two  or  three  species. 

Aucella?     Imperfect  specimens  with  the  form  of  A.  piochi  or  A.  erringtoni. 

Modiola  sp. 

Trigonia  sp. 

Cardium?  sp.  This  is  an  abundant  species  that  in  a  previous  report  was  thought  to 
be  an  aviculoid  shell  and  doubtfully  referred  to  Eumicrotis.  The  specimens  of  the 
present  collection  are  somewhat  bettor  preserved,  but  the  generic  reference  is  still 
doubtful. 

Belemnites  sp.     Several  fragments. 

SUPPOSED    MARIPOSA    IN    NEVADA. 

In  western  Nevada,  according  to  King,"  a  thickness  of  probably 
4,000  feet  of  fine-grained  argillaceous  slates  overlies  the  Jurassic 
limestone,  and  he  says:  ''It  is  quite  clear  that  these  upper  Jurassic 
slates  are  to  be  correlated  with  the  similar  rocks  in  California." 
Later  researches  have  not  yet  thrown  definite  light  upon  the  above 
correlation  except  that  it  now  seems  possible  and  perhaps  probable 
that  the  slates  of  western  Nevada  may  l)e  equivalent,  at  least  in  part, 
to  the  Foi-eman  beds  of  the  Taylorsville  region. 

TEKTIAKY. 
Al  KIKKKOl  S  (iUAVKLS. 

( J  K  N  K  K  A  I .    ST  A  T  K  M  K  N  T . 

The  auriferous  gravels  outlincMl  in  tlu*  maps  of  the  Taylorsville 
rotrioii  are  de])()sits  of  an  ancicMit  system  of  drainage,  in  Tertian' 
time,  very  unlike  that  of  the  same  region  to-day.  The  principal 
ancient  stream,  Jura  River,  had  its  source  in  the  high  Sierra  summits, 
|)ossihly  west  of  the  nuiin  crest,  in  the*  neighborhood  of  English  Moun- 

"Systrrnii tic  geology:  V.  S.  (ieol.  Kxploi.  4()th  l':ii-..  vol.  I,  ls7.s.  p.  295. 
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tain^  as  shown  in  PI.  I,  and  flowed  in  general  a  little  west  of  north, 
by  the  Cascade  mine,  across  the  Downieville  quadrangle  and  the 
Mount  Jura  divide,  in  the  Taylorsville  region,  to  the  northern  end  of 
the  Sierra  Nevada,  beyond  Indian  Valley,  where  it  entered  a  larger 
body  of  water  and  formed  the  main  mass  of  auidferous  gravel,  one  of 
the  most  extensive  deposits  of  its  kind  in  California. 

AL'RlF£KOUS    (iUAVELS    OK  JURA    KIVKK    CHANNEL. 

Mount  Jura  divide, — The  divide  extending  northeast  from  Mount 
Jura  toward  Kettle  Rock  has  four  areas  of  auriferous  gravels,  as 
shown  in  PI.  Ill,  and  preserves  a  cross  section  of  the  ancient  valley 
once  occupied  by  Jura  River.  The  two  largest  of  these  masses  have 
been  mined  at  Taylor  and  Hull  diggings  and  range  in  altitude  from 
5,300  to  5,600  feet.  One  of  the  smaller  areas  near  the  west  side 
extends  down  to  5,100  feet,  but  this  may  be  due  in  part  to  a  land- 
slide; the  other  Ues  at  an  altitude  of  6,000  feet  on  the  east  side  of  the 
valley.  In  all  probabiUty  these  four  areas  were  once  connected, 
forming  a  continuous  mass  for  approximately  5  miles  along  the 
divide. 

Taylor  diggings. — Taylor  diggings,  a  mile  northeast  of  the  summit 
of  Mount  Jura,  were  operated  years  ago  by  a  ditch  from  Taylor 
Lake,  near  Kettle  Rock,  and  expose  about  100  feet  of  gravel,  at  the 
bottom  of  which  Ues  a  bed  of  impure  lignitic  coal  about  5  feet  in 
thickness.  Prospect  tunnels  have  been  run  into  this  bed  for  a  short 
distance  to  the  west  and  south  and  about  a  ton  of  coaly  material 
removed  and  tried  for  blacksmithing.  The  coaly  material  Ues  on 
Jur&ssic  bed  rock  and  is  overlain  by  gravel,  varying  in  size,  but 
throughout  a  thickness  of  100  feet  rarely  as  much  as  6  inches  in 
diameter.  The  pebbles  are  chiefly  metarhyolite,  like  the  rock  so  well 
exposed  along  the  eastern  slope  of  Grizzly  Mountains.  The  remain- 
ing pebbles  are  for  the  most  part  granite  and  basic  igneous  rocks, 
some  of  which  are  rich  in  pyroxene. 

HuU  diggings. — On  the  Lucky  S  road  is  a  flat-topped  mass  of 
gravel  capping  the  divide  and  main  spur  for  over  3  miles.  At  the 
head  of  the  north  fork  of  Hosselkus  Creek,  Hull  diggings  expose  about 
100  feet  of  gravel,  in  the  upper  portion  of  which  there  are  15  foot  of 
fine  sand  and  gravel.  The  coarser  gravel  above  and  below  contains 
pebbles  rarely  as  large  as  a  man's  head.  Toward  the  bottom  there 
is  much  sand  and  bowlders  of  metahornblende-andosite  poiphyiy 
unlike  the  meta-andesite  bed  rock,  and  some  of  the  bowlders  are 
5  feet  in  diameter.  Whether  these  bowlders  occur  sporadically  in  the 
sand  or  form  a  distinct  layer  could  not  be  determined  for  lack  of 
defijiite  exposure.  No  bowldei*s  occur  in  the  woll-exposod  upper 
half  of  the  deposits.  Similar  bowlders  occur  along  the  borders  of  the 
exposed  areas  where  the  gravel  has  been  removed  and  has  brought 
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the  bowlders  to  the  surface.  Farther  southwest  toward  Taylor  dig- 
gings a  number  of  granite  bowlders  occur  with  the  others,  and  it  is 
evident  that  all  came  out  of  the  gravel  deposit. 

The  small  mass  of  gravel  on  the  Lucky  S  road,  2  J  miles  east  of 
Hull  diggings,  is  fine  and  contains  many  dark  pebbles  like  homfels. 
No  bowlders  were  observed.  The  gravel,  although  well  rounded, 
differs  considerably  in  composition  from  that  farther  west,  and  it  is 
possible  that  this  deposit  belongs  to  a  side  stream. 

The  gravels  of  the  Mount  Jura  divide  contain  no  pebbles  of  the 
Tertiary  lavas  which  lie  to  the  east  and  northeast.  Many  pebbles  of 
igneous  rocks  are  present,  but  they  are  all  of  types  that  belong  to 
the  pre-Tertiaiy  bed-rock  series. 

Peale  diggings. — Following  up  the  Jura  River  deposits  south  from 
Taylor  and  Hull  diggings,  we  come  to  three  flat-topped  masses  of 
gravel  at  an  elevation  of  from  5,500  to  5,800  feet  capping  the  divide 
betw  een  Wards  Creek  and  Little  Grizzly  Creek,  southwest  of  Gtenesee 
Valley.  Peale  diggings  in  these  masses  expose  about  100  feet  of 
gravel,  in  wliich  pebbles  of  old  rhyolite  or  quartzite  like  those  of 
Grizzly  Mountains  are  most  abundant.  There  are  some  of  darker 
igneous  rock  and  a  few  of  granite.  Pebbles  6  to  10  inches  in  diameter 
are  common,  but  bowlders  as  large  as  2  feet  in  diameter  are  rare. 

In  the  gravel  bars  of  the  present  streams  of  the  Taylorsville  region^ 
and  in  fact  along  all  streams  with  fairly  strong  grade,  it  may  be 
observed  that  the  somewhat  flattened  pebbles  instead  of  lying  hori- 
zontal are  generally  inclined  so  that  they  lean  downstream,  and,  like 
shingles  of  a  roof,  overlap  in  that  direction.  Their  upper  surfaces 
slope  upstream.  This  is  their  position  of  greatest  stability  against 
streani  erosion  and  shows  the  direction  of  flow  in  the  stream  TT^ftlnng 
the  deposits. 

At  tlie  Peale  diggings  most  of  the  pebbles  are  approximately 
spherical,  but  a  few  are  somewhat  flattened  and  generally  slope 
southward,  slunWug  that  the  stream  came  from  that  direction.  The 
fact  that  the  pebbles  are  largely  of  ([uartz  porphyry,  like  that  of 
Grizzly  Mountains,  from  which  the  stream  came,  points  to  the  same 
c'oiichision. 

(\isc<id(  riilnc  to  Mohmrk  Valley. — The  facts  of  the  country  south 
of  the  fortieth  parallel  are  (lra^\Tl  largely  from  the  publications  of 
Turner  and  Lindgren.  In  the  Downieville  foho,  page  4,  Turner  has 
traced  the  deposits  of  the  ancient  stream  we  are  following  from  2  miles 
southeast  of  Tower  Rock  southward,  by  way  of  the  Cascade  mine, 
Lava  Peak,  and  Mohawk  Valley,  to  Haskell  Peak  and  beyond  in  the 
cr(\st  of  the  main  divide  between  Mohawk  Creek  of  Feather  River 
and  North  Fork  of  Yuba  River. 

At  the  Cascade  mine  sandy  layers  are  inl  erst  ratified  with  gravel, 
and  the  total  tliickness  of  the  deposits  is  325  feet,  at  an  elevation  of 
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about  6,000  feet.  There  are  large  granite  bowlders  in  the  gravel  and 
the  bed  rock  belongs  to  the  auriferous  slate  series,  cut  by  numerous 
dikes.  The  occurrence  of  granite  bowlders  to  the  north  of  their 
source,  though  but  a  short  distance,  Turner  thinks  may  be  regarded 
ais  evidence  that  the  stream  flowed  to  the  north.  The  Cascade  mine 
gravel  Ues  on  the  edge  of  a  great  mass  of  andesitic  breccia,  beneath 
which  it  extends  southward,  to  reappear  on  the  slopes  of  Little  Long 
Valley  Creek  at  an  altitude  ranging  from  6,000  dovm  to  5,000  feet; 
and  a  Uttle  farther  south  at  Cedar  Creek,  on  the  border  of  Mohawk 
Valley,  the  gravels  appear  to  reach  a  somewhat  lower  level. 

From  Peale  diggings  to  Mohawk  Valley  the  deposits  *^are  similar 
in  being  made  up  of  gravel  and  coarse  sand  with  very  little  line 
sediment,"  and  Timier  remarks,  *Uliis  may  be  taken  as  evidence 
that  the  river  bed  had  a  higher  grade  than  the  river  beds  of  the 
southwesterly  system  in  the  western  half  of  the  DoA\Tiieville  quad- 
rangle." 

Along  UdsJceU  Peak  escarpment, — South  of  Mohawk  Valley  the 
ancient  gravels  of  Jura  River  appear  in  patches  at  an  altitude  of 
about  7,000  feet  on  the  edge  of  a  plateau-like  ridge  running  northwest 
of  Haskell  Peak. .  Here  the  gravels  are  overlain  by  rhyoUte,  which 
is  in  turn  locally  overlain  by  andesite.  The  gravels  contain  a  great 
variety  of  pebbles.  Tiuner  mentions  ^^  contact  metamorphic  schist, 
granite  porphyry,  altered  glassy  andesite  (?)  shoA\ing  flow  structure, 
an  altered  holocrystalUne  basalt,  a  variegated  breccia  (red  and  green) 
made  up  of  microUtic  fragments  of  lava,  and  a  red  fine-grained  tuff." 
The  last  two  are  very  similar  to  some  of  the  tuffs  of  the  Milton  forma- 
tion and  he  suggests  that  they  probably  came  from  Chips  Hill,  far- 
ther south,  where  the  Milton  formation  lies  directly  beneath  the 
gravel. 

Chips  diggings,  reversed  drainage, — At  Cliips  Ilill,  3  miles  northeast 
of  Sierra  City,  where  the  gravel  has  been  extensively  mined,  it  is 
overlain  by  rhyoUte,  and  this  in  turn  is  covered  by  antlesitic  breccia. 
The  bed  rock  is  at  an  elevation  of  6,500  feet,  or  about  500  feet  lower 
than  the  gravel  of  Haskell  Peak,  ^nth  which  Turner  tliinks  it  was  once 
connected  by  a  stream  flowing  north.  He  consi(l(»rs  that  a  great 
displacement  has  taken  place  between  Mohawk  \  alloy  and  Haskell 
Peak,  with  differential  change  of  level  on  the  western  side  of  the  fault 
that  reversed  the  drainage  from  north  to  south. 

Three  miles  southeast  of  Sierra  City,  at  an  elevati(m  of  6,500  feet, 
is  a  trace  of  river  gravel  on  the  edge  of  a  flow  of  rhyolite  that  has  come 
down  from  the  crest  southeast  of  P^nglish  Mountain,  which  Turner 
regards  as  the  head  of  the  ancient  gravel  stream  that  flowed  north  by 
Mount  Jura. 

Question  as  to  head  of  Jura  Rtvtr. — The  course  of  the  stream  beycmd 
Haskell  Peak  is  a  matter  of  doubt.     As  given  above  it  enters  the 
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Downieville  quadrangle  near  Milton,  coming  from  the  Colfax  quad- 
rangle, where  Lindgren  has  studied  the  ancient  streams  in  detail. 
He  refers  to  a  strongly  marked  depression  beginning  in  the  vicinity 
of  Fordyce  dam  and  extending  northwesterly  in  the  direction  of  the 
Milton-Meadow  Lake  channel,  which  he  describes,  and  he  concludes 
from  the  bed-rock  elevations  that  it  turned  westward  in  the  vicinity 
of  Milton,  where  it  was  joined  by  ''a  tributary  coming  down  from  the 
vicinity  of  Haskell  Peak,'*  and  remarks,**  "the  high  bed-rock  ridges 
near  Haskell  Peak,  the  northern  side  of  which  has  been  examined 
by  Mr.  H.  W.  Turner,  preclude,  except  by  assuming  very  large  sub- 
secjuent  disturbances,  any  supposition  that  the  channel  could  have 
flowed  northward  from  Milton.''  It  is  evident  that  the  difficulty  in 
the  way  of  accepting  Turner's  view  as  to  the  source  of  Jura  River 
would  be  removed  if  it  could  be  made  to  appear  probable  that  the 
Milton  region,  including  Chips  Hill,  had  subsided  with  reference  to 
Haskell  Peak  and  reversed  the  slope.  The  argument  in  favor  of  this 
view  to  be  drawn  from  the  relation  of  the  present  divide  to  the  main 
ridge  Avill  be  considered  presently.  Attention  will  be  given  first  to 
the  light  thrown  on  the  question  by  the  distribution  of  the  gravels. 

The  large  deposits  of  gravel  at  Haskell  Peak  give  positive  evidence 
of  a  good-sized  stream.  The  gravel,  composed,  as  Turner  has  shown, 
of  a  great  variety  of  rocks,  rests  directly  on  granodiorite  and  must 
have  been  brought  from  some  distance.  At  that  time  Haskell  Peak 
(lid  not  exist.  It  is  made  of  lavas  all  of  which  are  yotmger  than  the 
auriferous  gravels  and  overlie  them,  so  that  Haskell  Peak  can  not  be 
considered  tho  source  of  the  ancient  gravel  stream.  Whatever  the 
direction  of  flow  of  the  gravel  stream  at  Haskell  Peak,  except  directly 
on  th(»  line  of  tli(>  crest,  it  must  since  have  experienced  a  reversal  of 
(lraina<ij(>  slope  on  the  approaching  side.  The  definite  knowledge  of 
Jura  River  and  its  deposits  from  Mohawk  Valley  north  demonstrates 
that  it  is  not  the  north-slope  drainage  of  Mount  Haskell  that  has  been 
reversed,  and  points  to  the  south  slope  as  the  one  reversed. 

F'or  2  miles  northwest  of  Haskell  Peak  the  ancient  gravel  stream 
l)e(l  follows  the  divide  to  a  point  where  the  crest  is  offset  to  the  west. 
Here  the  gravel  ends.  Leaving  the  divide  and  following  the  stream 
course  northwest  no  gravel  is  s(mmi  for  nearly  10  miles,  until  it  appears 
on  C^nlar  Creek  beyond  Mohawk  Valley.  From  that  point  to  Mount 
Jura  (livido  the  channel  is  easily  traced. 

If  now  we  return  to  Haskell  Peak  and  try  to  follow  the  stream 
course  alontr  the  crest  to  the  southeast  no  trace  of  it  appears,  although 
the  cn^st  is  bare  and  w(»ll  fitted  with  local  lava  capping  which  might 
reasonably  be  expected  to  preserve  the  gravel  in  place.  It  appears 
HKxst  probable,  from  the  absence  of  gravel  on  the  divide,  that  the  chan- 
nel lay  farther  west,  mon*  n(»arly  in  the  direction  of  the  general  course 

«  Two  Neocene  rivers  of  California:  Bull.  Gcol.  Soc.  Aniorio'i,  vol.  4, 1893,  p.  276. 
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of  the  stream.  The  known  gravel  masses  which  lie  beyond  Haskell 
Peak  most  nearly  in  the  general  com'se  of  the  ancient  stream  are  those 
of  Chips  Hill  in  Une  with  that  on  the  divide  north  of  Milton,  suggesting 
their  source  for  the  Haskell  Peak  gravels. 

Drainage  suggested  hy  rhyolite  flow, — There  is  a  suggestion  of  con- 
tinuous drainage  from  Meadow  Lake  to  Haskell  Peak  in  the  distribu- 
tion of  the  rhyolite  flows  which  followed  the  watercourses,  but  the 
suggestion  may  be  misleading,  for  the  rhyolite  appears  to  have  come 
from  several  sourc^^.  The  flow  from  near  Meadow  Lake,  outlined  by 
Lindgren,  may  have  continued  as  far  northwest  as  Chips  Hill,  but  the 
large  mass  farther  north,  as  pointed  out  by  Turner,  probably  origi- 
nated in  Haskell  Peak. 

If  the  drainage  at  the  time  of  the  rhyolite  eruption  was  westward  in 
the  vicinity  of  Milton,  and  the  supply  of  lava  sufficiently  large,  a  west- 
ward turn  of  the  rhyolite  stream  would  be  expected.  Such  a  turn  is 
su^ested  in  Findley  Peak,  and  others  may  have  been  washed  away. 
It  is  possible,  too,  that  the  rhyolite  north  of  Middle  Fork  of  the  Yuba 
came  from  Haskell  Peak.  Whatever  may  have  been  the  course  of 
drainage  during  the  gravel  period  or  at  the  time  of  the  effusion  of  the 
rhyolite,  there  can  be  no  question  that  the  streams  of  andesite  from 
the  eastward  followed  essentially  the  present  system  of  drainage 
through  a  gap  in  the  line  of  the  main  crest  represented  by  Sierra 
Buttes. 

Suggestion  of  double  crest, — It  is  important  to  note  that  the  toj)og- 
raphy  of  the  region  is  exceptional  in  that  there  are  two  crests.  The 
main  crest  between  Mount  Elwell  and  Castle  Peak  passes  through 
Sierra  Buttes,  Findley  Peak,  and  English  Mountain  to  Meadow  Lake, 
but  this  crest  is  not  the  present  divide.  The  divide  cui'ves  eastward 
through  Haskell  Peak  and  Webber  Peak  to  near  Meadow  Lake,  as  if 
following  the  summit  of  what  may  be  a  small  fault  block  east  of  the 
main  crest  between  Sierra  Buttes  and  Sierra  Valley. 

Fan-shaped  drainage  of  the  Milton  region.  -The  drainage  of  the  area 
in  question  is  peculiar  in  that  it  is  open  fan-sliaped.  Both  North  Fork 
and  Middle  Fork  of  Yuba  River  head  in  tliis  region.  Their  head 
branches  converge  toward  Milton,  where  tlio  two  master  streams  turn 
west  and  within  3  miles  of  each  otlior  cut  across  the  lino  of  the  old 
crest  south  of  Sierra  Buttes  and  then  diverge  down  the  western  slope 
of  the  range.  The  peculiar  constriction  of  these  stream  courses  near 
their  head  can  not  be  due  to  the  relatively  hard  rocks  of  Sierra  Buttes, 
for  such  rocks  do  not  appear  on  the  Middle  Fork. 

Present  divide. — ^The  highest  points  of  the  Haskell  P(»ak  divide  are 

chiefly  of  volcanic  rocks,  which  are  later  than  the  gravels,  while  the 

main  ridge  about  Sierra  Buttes  is  made  entirely  of  bed-rock  series.     It 

is  possible  that  during  the  gravel  period  the  main  ridge  was  the  divide 
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giving  birth  to  the  drainage  as  outlined  by  Turner,  but  at  the  close  of 
the  gravel  period,  when  the  Mohawk  Valley  and  Sierra  Valley  region 
sank  2,000  feet,  the  Milton  region  may  also  have  gone  down  500  feet 
and  established  a  new  divide  through  Haskell  Peak. 

MAIN    MASS   OF   AURIFEROUS   GRAVEL. 

The  main  mass  of  auriferous  gravel  is  sj)read  in  irregular  patches 
over  an  area  about  20  miles  in  length  and  9  miles  in  breadth,  with  the 
greatest  dimension  parallel  to  the  crest  of  the  Sierra  Nevada,  on  which 
it  lies.  Its  western  portion,  in  the  Moonlight  region,  will  be  considered 
first  and  tlien,  in  order,  the  northern,  eastern,  and  southern  portions. 

Tlie  Moonlight  region, — Moonlight  lies  12  miles  north  of  Taylorsville, 
at  the  head  of  Surprise  Creek.  The  divide  east  of  Moonlight,  ranging 
in  altitude  from  5,600  to  7,000  feet,  is  drained  by  the  west  fork  of 
Lights  Creek  and  affords  the  most  extensive  section  of  auriferous 
gravels  in  the  region.  The  total  thickness  is  over  1,000  feet.  The 
lower  400  feet  is  chiefly  sand  and  the  upper  600  feet  gravel  or  conglom- 
erate, whicli  is  especially  remarkable  on  account  of  its  litliification. 

The  conglomerate  is  sometimes  so  firmly  cemented  that  when  the 
rock  is  broken  the  fracture  i)asses  tlirough  instead  of  around  the  peb- 
bles. This  feature  gives  to  the  <!onglomerate  an  aspect  of  greater  age 
than  the  loose  gravel  possesses.  Some  of  the  conglomerate  is  fine, 
with  pebbles  of  quartz  of  various  colors  and  many  pebbles  of  old  andes- 
itic  rocks,  like  those  of  the  county-line  ridge,  to  the  north.  The  paste 
is  greenish  and,  as  tlie  microscope  shows,  is  composed  largely  of  igneous 
mate  rial.  The  smooth  round  pebbles  of  the  coarse  conglomerate  are 
occasionally  faulted.  Many  pebbles  are  a  foot  in  diameter,  and  rarely 
thoy  are  2  J  feet,  but  they  average  about  an  inch.  A  few  beds  of  sand 
occur  in  the  conglomerate,  and  when  fine  they  generally  contain  fossil 
loaves,  of  which  collections  were  made.  The  conglomerate  and  inter- 
bedded  sandstone  apparently  strike  N.  10°  E.  and  dip  20°  NW.  The 
steep  sh)pe  east  of  Moonlight  is  so  covered  with  faulted  landslide  blocks 
that  it  is  (lifRcult  to  find  the  rock  in  place,  but  the  whole  succession  of 
conglomeratic  beds  aj^peai-s  conforniable  and  not  less  than  600  feet  in 
thickness. 

The  sandstone  beneath  the  gravel  for  100  feet  is  fairly  well  cemented 
and  some  of  it  is  light  gray,  Hke  tufi*,  l)ut  the  microscope  shows  it  to  be 
made  up  of  angular  ])articles  of  quartz  and  some  ])lagioclase  with  much 
argillaceous  matter  and  no  definite*  voh'anic  fragments.  Below  this 
the  material  is  softer  and  landslides  abundant.  Exposures  are  few, 
and  the  sand  of  the  lower  j)ortion  of  the  deposit  is  arkose.  The  nu'ks 
too.  beneath  the  sand  are  largely  disintegrated.  Traces  of  leaves 
occur  at  many  places,  and  the  u])per  ])art  where  firndy  cemented  makes 
a  rough  ridge  with  steep  dilF  face  to  the  east.  The  thick  mass  of  the 
Moonlight  region  extends  north  across  the  divide  to  the  head  of  Wil- 
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lards  Creek,  where  it  expands  into  a  much  larger  area,  to  he  noted 
presently. 

South  end  of  Mountain  Meadows. — At  the  southeast  head  of  Moun- 
tain Meadows  is  a  body  of  well-rounded  gravel  which  covers  the  broad 
and  low  divide  between  Mountain  Meadows  and  Cooks  Canyon.  The 
gravel  is  not  cemented,  lies  flat  as  deposited,  and  looks  younger  than 
that  of  the  conglomerate  east  of  Moonlight.  It  represents  the  unmod- 
ified bed  of  the  western  branch  of  the  ancient  Jura  River.  The  gravel 
is  not  very  coarse  and  bowlders  arc  not  common.  Where  mined,  it  is 
underlain  by  sand,  and  the  whole  mass  is  not  over  20  feet  in  thickness. 
In  one  mine  only  5  feet  of  gravel  was  exposed  overlying  2  J  feet  of  gray 
and  reddish  sand.  Upon  both  sides  it  is  limited  by  ancient  igneous 
rocks.  To  the  southeast  it  has  been  washed  away,  and  thus  its  con- 
nection with  Moonlight  has  been  severed.  To  the  northwest  it  passes 
beneath  the  alluvium  of  Mountain  Meadows  and  does  not  reappear 
until  the  northern  end  of  the  meadows  is  reached  at  the  Narrows.  The 
slope  east  of  Mountain  Meadows  is  generally  free  from  gravel  and  is 
formed  of  ancient  volcanics  cai)ped  here  and  tliere  by  later  flows  of 
lava  which  have  not  been  mapped. 

North  end  of  Mountain  Meadows. — The  Red  Bluff-Susanville  road 
is  on  gravel  from  the  north  end  of  Mountain  Meadows  across  the  divide 
to  near  Stocktons,  a  distance  of  about  10  miles.  West  of  the  summit 
the  streams  (dry  in  summer)  wliich  enter  the  meadows  from  the 
southeast  at  Nanney  and  Browns  afford  sections  of  about  500  feet  of 
gravel  capped  on  the  crest  by  lava  and  tuff.  The  gravel  has  a  large 
proportion  of  siliceous  pebbles.  Many  are  of  black  chert,  \nth  others 
of  old  sandstone  and  conglomerate  and  a  few  of  older  igneous  rocks. 
In  this  regard  as  well  as  in  their  general  lack  of  cementation  they  are 
strongly  contrasted  with  the  deposits  of  older  gravel  on  tlie  slope  east 
of  Moonlight.  These  gravels  soutli  of  Browns,  so  clearly  capped  by 
lava  and  tuff,  are  underlain  by  sand,  which  gives  rise  to  many  land- 
slides, some  of  whose  basins  still  contain  swamps  or  ponds.  This 
pitted  sm^ace  has  the  aspect  of  a  moraine,  but  contains  no  bowlders, 
and  passes  into  protected  portions  which  are  not  only  free  from  land- 
slides, but  pass  beneath  the  capping  layer  of  andesite  tuff.  Half  a 
mile  southeast  of  Xanney  was  found  a  smooth  round  pebl)le  of  fossil- 
iferous  sandstone  like  that  of  Ilinchman  Ravine  on  Mount  Jura.  Near 
the  summit  of  the  gravel  pebl)les  of  modern  lava  become  abundant, 
but  no  definite  horizon  was  observed  at  which  the^  pel)l)les  of  modern 
lavas  begin  to  appear. 

Generally  the  gravel  about  Mountain  Meadows  is  not  cemented, 
but  a  rather  striking  exception  to  the  rule  occurs  one-fourth  mile  north- 
west of  Browns,  where  the  cemented  sand  and  gravel  ricli  in  quartz 
forms  a  low  divide  and  is  overlain  l)y  loose  gravel,  wliich  is  Anally 
capped  to  the  northwest  by  volcanics.     It  seems  probable  that  the 
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cementation  of  the  gravel  in  tliis  case  may  be  due  to  the  intrusion  of 
the  andesite  which  forms  the  bluflF  opposite  Nanney. 

WiUards  Creek  district, — On  the  slopes  of  Willards  Creek  the  aurif- 
erous gravels  are  exposed  to  a  thickness  of  over  500  feet,  but  the 
sediments  are  not  so  firmly  cemented  as  those  east  of  Moonlight  and 
at  the  head  of  Gold  Run.  The  gravels  exposed  contain  numerous 
pebbles  of  fresh  lava  with  those  of  black  chert,  sandstone,  and  other 
siliceous  material,  w^ldch  appear  to  have  been  derived  from  earlier 
gravels  by  erosion.  One  of  the  pebbles  of  gray  sandstone  contained 
a  characteristic  RhjnchoneUa  of  the  Mormon  formation  of  Mount 
Jm:a  near  Taylorsville,  and  indicates  clearly  its  source.  The  follow- 
ing section  was  observed  H  miles  southeast  of  the  road  summit: 

Sectum  near  road  summit,  Willards  Creek  district. 

Feet 

Andesitic  volcanic  breccia 20 

Gravel  containing  many  lava  pebbles  with  older  ones  of  chert,  etc 75 

Sandstone  with  a  little  fine  conglomerate  and  light-colored  beds  of  fine  rhyolitic 
tuff 90 

No  satisfactory  exposiu'e  was  obtained  of  the  material  underlying 
the  rhyolitic  tuff. 

The  tuff  is  composed  largely  of  light-brown  amorphous  dust, 
splinters  of  clear  glass  with  fragments  of  clear  glass  pumice,  and 
angular  grains  of  quartz,  feldspar,  augite,  and  hornblende.  It  is 
decidedly  cross-bedded  and  appears  to  dip  gently  to  the  northeast. 

A  chemical  analysis  of  this  rhyolitic  tuff  (p.  92)  shows  that  it  is 
ap])arently  identical  with  the  rhyolitic  tuff  which  caps  the  earlier 
gravels  at  various  places  on  the  western  slope  of  the  Sierra  Nevada. 
Unfortunately,  on  Willards  Creek  the  part  of  the  section  below  the 
rhyolitic  tuff  was  not  found  exposed. 

Head  of  (rold  Run, — Gravel  occurs  along  the  Taylorsville  road  most 
of  the  way  down  Gold  Run.  Near  its  head  west  of  the  road  where 
firmly  cemented  the  conglomerate  has  a  thickness  of  over  350  feet, 
dips  gently  to  the  northeast,  and  forms  prominent  cliffs.  At  this 
point  the  conglomerate  varies  in  the  size  of  the  pebbles,  but  is  rarely 
coarse.  Some  of  the  ])el)l)les  are  crushed  and  faulted  in  a  way  to 
indicate  great  strain.  These  effects  were  observed  only  in  the  con- 
gloineratt*  near  the  crest  of  the  range,  from  which  considerable  mate- 
rial may  have  been  rcMiioved  by  erosion.  Many  of  the  pebbles  are  of 
old  volcanic  rocks  like  those  noted  in  the  gravels  east  of  Moonlight. 
Tlic  interbedded  lenses  of  iine  sediment  occasionally  contain  fossil 
loaves,  of  which  an  excellent  series  of  sj)ecimens  were  collected  by 
James  Storrs  in  1904.  They  were  obtained  about  three-fourths  of 
a  mile  northwest  of  the  road  summit  and  350  feet  below  it,  on  a  branch 
of  the  west  fork  of  (Jold  Run.     Dikelike  bodies  of  hornblende  andes- 
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ite  cut  the  conglomerate  gravels  at  this  pomt,  and  then*  mtnision 
may  have  had  something  to  do  with  the  induration  of  the  gravel  mass. 

Diamond  Mountain  gravel. — On  the  Sierra  crest,  a  few  miles  south- 
east of  the  Lights  Canyon  road  summit,  there  are  two  high  points, 
both  composed  of  andesitic  breccia.  The  west  one  is  commonly 
known  as  Red  Mountain  on  account  of  the  colored  tuff,  while  the 
other,  about  a  mile  to  the  northeast,  is  called  Diamond  Mountain. 
Between  them  is  a  ridge  of  gravel  which  Ls  overlain  by  the  volcanic 
breccias  of  the  two  peaks.  Near  Red  Mountain  the  gravel  of  this 
ridge  is  composed  largely  of  quartz,  chert,  and  old  sedimentary  as  well 
as  igneous  rocks.  Farther  east  as  the  ridge  rises  lava  pebbles  come 
in,  and  near  the  top  the  pebbles  are  almost  wholly  of  lava.  The  con- 
trast between  the  earlier  quartzose  gravel  and  the  later  directly 
overlying  gravel  of  lava  fragments  is  striking.  The  gravel  contains 
occasional  bowlders,  some  of  which  are  12  feet  in  diameter  and  entirely 
out  of  accord  with  the  associated  well-rounded  gravel.  One  bowlder 
and  several  large  pebbles  were  found  with  striae,  but  no  definite  glacial 
moraines  were  distinguished. 

Southeast  of  Diamond  Mountain  a  prominent  ridge  of  gravel  forms 
the  crest  of  the  Sierra  for  several  miles  at  an  altitude  of  over  7,000 
feet,  overlooking  the  bold  escarpment  facing  Honey  Lake  Valley. 
The  gravel  of  this  prominent  crest  ridge  is  about  300  feet  in  thickness 
and  rests  on  the  granite  which  outcrops  on  the  eastern  slope.  The 
gravel  is  coarse  and  chiefly  of  andesitic  fragments  on  the  surface,  but 
near  the  bottom  is  finer,  though  the  lower  half  of  the  mass  contains 
most  of  the  granite  bowlders  strewn  on  the  eastern  slopes.  The  ridge 
is  separated  from  Diamond  Mountain  by  a  gap  from  which  the  gravel 
has  been  removed.  A  small  pond  occurs  in  the  gap,  and  a  flow  of 
basalt  with  flow  structure  rising  to  the  northeast  forms  a  clifT  facing 
in  the  same  way  as  if  the  lava  flow  came  from  that  direction.  Similar 
basalt  hangs  on  the  granite  slope  a  mile  to  the  southeast.  A  small 
gravel  scarp  near  the  pond  suggests  faulting. 

Gravel  has  been  mined  to  a  very  limited  extent  along  the  eastern 
base  of  the  Sierra,  a  short  distance  south  of  Gold  Run,  4  miles  from 
Susanville,  but  no  large  body  of  gravel  is  exposed  at  that  point.  If 
it  ever  extended  so  far  east,  it  has  probably  been  covered  by  the  later 
lavas  and  lake  deposits  of  that  region. 

Diamond  Mountain  shore  terraces. — Shore  terraces  are  well  de- 
veloped about  Diamond  ilountain,  as  though  it  were  an  iiLsular  mass 
against  which  the  waves  beat  and  carved  out  a  shore  line.  jVs 
shown  in  fig.  9,  Diamond  ^lountain  has  five  spurs  ninning  in  various 
directions.  The  summit  of  the  mountain  is  (1)  andesitic  breccia, 
about  300  feet  in  thickness.  On  each  spur  the  breccia  is  limited  by 
a  more  or  less  clearly  defined  shore  cliff,  beyond  which  is  a  mass  of 
(2)  gravel  composed  almost  wholly  of  well-rounded  lava  fragments. 
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Beyond  the  lava  gravel  (2)  on  most  of  the  spurs  at  a  lower  level 
comes  (3)  the  gravel  in  which  pebbles  of  Tertiary  lavas  are  rare  or 
absent  and  pebbles  of  quartzose  rocks  are  most  abundant.  Their 
general  relations  in  a  vertical  section  are  shown  in  fig.  10,  where  the 
numbers  have  the  same  significance.  The  total  thickness  of  the  gravel 
is  less  than  300  feet.     Granite  bowlders  appear  to  be  most  abundant 

on  the  lower  half  of  the 
gravel.  Farther  southeast 
along  the  crest  under  the 
thick  mass  of  basalt  flows, 
fonning  Thompson  Peak, 
there  is  no  gravel  separating 
it  from  the  granitic  rock. 
On  the  contact  the  basalt 
includes  a  residual  bowlder 
of  diorite,  showing  that  the 
basalt  flowed  over  a  surface 
long  exposed  to  disintegra- 
tion. 

Lone  Rock  and  Kettle  Rock 
regions. — Southwest  of  Dia- 
mond Mountain,  in  the  flat 
country  drained  by  the  head- 
waters of  Indian  Creek,  the 
gravels  are  widely  distributed  in  a  heavy  body,  although  much  of 
it  lias  been  removed  by  erosion.  The  east  border  laps  over  upon 
the  granite  without  any  lava  capping  and  extends  south,  sending  a 
branch  to  the  forks  of  Indian  Crook,  where  it  ends  at  an  elevation 
of  about  1,000  feet  bolow  the  main  crest  of  the  gravel  ridge.     West 
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Fio.  9.— Sketch  plan  of  Diamond  Mountain,  showing  shore 
terraces  on  spurs.    1,  Andesitlc  breccia  forming  summit; 

2,  gravel  of  lava  pebbles  on  shore  terraces   on  spurs; 

3,  gravel  rich  In  quartz  pebbles;  ^,  granodlorlte. 


•'.3 


Fin.  10  — (Si'iieniliziMl  .section  of  spur  o(  DiainoiKl  Mountain.    1,  Andesitlc  breccia;  2,  gravel  of  lava 
pohbles;  :\.  gravols  ridi  in  (jiiartz  ]H*bbles  and  sand  l)elow:  4.  granodlorlte. 

of  Lono  Koc'k,  on  the  branchos  of  the  soutli  fork  of  Lights  Creek, 
tlio  gravel  was  not  ooinontod  and  has  boon  largoly  removed,  leaving 
on  tlio  low(T  slopos  l)ut  a  tliin  coatin<r  on  tho  arkose  sands,  which 
contain  occasional  woll-roundod  quartz  pobblos  to  show  that  they 
are  not  rosidual  but  roconiposod.  Farther  south  it  caps  the  broad 
divide  rising  toward  Kettle  Rock,  and  above  the  Lucky  S  mine  reaches 
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an  altitude  of  over  7,000  feet.  Several  hundred  feet  of  gravel  occur 
here.  The  lower  part  is  fine,  with  many  pebbles  of  quartz  and  sili- 
ceous rocks,  and  the  upper  part,  associated  with  the  volcanic  breccia, 
is  composed  chiefly  of  andesitic  fragments.  The  earlier  gravels  near 
the  Lucky  S  mine  were  once  connected  with  those  of  a  few  miles 
southward  on  the  Mount  Jura  divide,  but  the  later  gravels  of  lava 
pebbles  present  above  the  Lucky  S  mine  appear  to  be  absent  on  the 
Mount  Jura  divide. 

ISOLATED  MASSES  OP  GRAVELS  NORTHEAST  OP  MOHAWK  VALLEY* 

This  country  forms  the  eastern  slope  of  Jura  River  and  is  some- 
what remarkable  for  the  paucity  of  its  gravels.  The  principal  body 
found  in  this  region  is  near  Mapes,  on  Squaw  Creek,  5  miles  northeast 
of  Chasers,  where  a  knoll  on  the  meadow  border  is  made  up  of  cobble- 
stones and  pebbles  of  granite  and  dark  shaly  rock,  with  many  of 
lava.  Though  of  small  extent  it  is  a  veritable  washed  gravel,  and 
must  once  have  underlain  an  adjacent  mass  of  lava  several  hundred 
feet  in  thickness.  Whether  the  gravel  rests  directly  on  the  grano- 
diorite  or  is  separated  from  it  by  a  thin  sheet  of  volcanic  rocks  was 
not  definitely  determined. 

Traces  of  gravel  and  bowlders  were  found  on  the  west  side  of  the 
crest  opposite  Milford,  but  similar  pebbles  occur  in  the  dissociated 
tuff,  and  they  may  have  been  liberated  by  weathering.  By  a  small 
area  of  altered  rocks  inclosed  in  the  granodioritc,  3  miles  southwest 
of  Clark's  dairy,  there  is  a  small  mass  of  quartz  gravel  locally  developed, 
which  may  represent  a  small  stream  extending  to  the  margin  of  the 
delta  gravel  only  a  few  miles  to  the  northwest. 

A  few  pebbles  of  quartzose  rocks  were  found  near  Chase's  on  Red 
Clover  Creek,  but  no  definite  body  of  gravel  was  seen  in  place. 
However,  it  is  not  only  possible  but  probable  that  a  stream  passed 
near  there,  for  on  the  north  slope  of  Mount  Ingalls  is  a  mass  of 
well-rounded  coarse  gravel  of  lava  fragments  deposited  during  the 
volcanic  period,  but  most  likely  representing  a  descendant  of  a  stream 
of  the  prevolcanic  period. 

The  contact  of  the  gently  rolling  platform  of  granodioritc  and  the 
overlying  sjieet  of  volcanic  rocks  was  examined  at  many  points  about 
the  heads  of  Squaw  and  Last  Chance  creeks  without  finding  a  trace 
of  gravel,  and  it  is  certain  that  the  groat  sheet  of  estuarine  gravel, 
which  at  Diamond  Mountain  lies  between  the  sheet  of  volcanirr  rocks 
and  the  granodioritc,  does  not  extend  south  of  the  latitude  of  Kettle 
Rock. 

Along  the  fortieth  parallel  east  of  Red  Clover  Creek  granr)diorite 
forms  a  broad  platform  gently  inclined  to  the  northwest.  It  is  cov- 
ered throughout  most  c)f  the  area  by  a  sheet  of  volcanic  rocks  whose 
trJiinfa^ftM  is  only  a  few  hundred  feet.     The  thin  cover  it  makes  for 
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the  granodiorite  is  especially  well  exposed  along  the  eastern  escarp- 
ment, where  it  appears  only  on  the  crest.  The  escarpment  is  of 
granodiorite. 

CL188IFICATI0N  OF  THE  AURIFEROUS  GRITELS. 

The  early  investigations  of  the  Geological  Survey  of  California 
under  J.  D.  Whitney  proved  the  fluviatile  origin  of  the  gravels,  but 
it  remained  for  the  later  workers,  especially  Ross  E.  Browne,  H.  W. 
Turner,  and  Waldemar  Lindgren,  to  work  out  their  classification. 
The  latest  expression  on  the  subject  is  by  Lindgren,**  who  states  that 
in  the  principal  broad  Neocene  river  valleys  one  may  generally  dis- 
tinguish the  following  formations: 

A.  Antevolcanic  deposits {\  The  deep  gravels 

12.  The  bench  gravels. 
3.  The  rhyolitic  tuffs. 

B.  Volcanic  and  intervolcanic 

deposits. 


4.  The  gravels  of  the  rhyolitic  period. 

5.  The  gravels  of  the  intervolcanic  erosion  period. 

6.  The  andesitic  tuffs  and  tuffaceous  breccias. 


For  various  reasons  the  gravel  deposits  where  thickest,  east  of 
Moonlight  and  at  the  head  of  Willards  Creek,  are  not  worked,  so  that 
complete  and  detailed  sections  are  nowhere  available.  The  lower 
portion  of  the  mass  especially  is  affected  by  landslides,  and  outcrops 
are  few.  As  a  whole  the  deposits  of  the  Taylorsville  region  included 
under  the  general  term  auriferous  gravels  may  be  considered  under 
the  following  headings: 

EARLIER  DEPOSITS  (PREVOLCANIC). 

Arkose  sands, — At  every  point  where  the  bottom  portion  of  the 
main  mass  is  exposed  it  is  found  to  be  composed  of  sand,  and  the 
greater  part,  osi)ecially  the  lower,  is  often  decidedly  arkose,  so  much 
so  that  in  some  of  the  mines  it  was  difficult  to  tell  whether  the  mate- 
rial was  simply  disintegrated  granodiorite  in  place  or  recomposed. 
In  most  cases  careful  search  ultimately  brought  to  light  a  few  small 
but  smooth  round  quartz  pebbles  to  prove  it  arkose.  Gravel  beds 
in  tliis  portion  are  rare.  In  some  cases  carbonaceous  clay  beds, 
amounting  even  to  impure  coal,  occur,  but  it  is  not  certain  that  they 
underlie  the  main  mass,  though  the  sand  is  believed  to  underlie  the 
whole  with  a  variable  thickness,  and  a  local  maximum  of  not  less 
than  500  foot.     Some  of  it  is  lithified,  forming  sandstone. 

When  we  turn  to  the  rivor  channel  some  distance  above  where  it 
joins  the  main  deposits,  as,  for  exam])le,  at  Peale  diggings  and  farther 
u])  the  stream,  the  fine  beds  at  the  bottom  have  disappeared.  It  is 
to  1)0  expected,  of  course,  that  the  main  mass  in  general  is  older  than 
tliat  in  the  channel,  which  is  ever  moving  downstream  to  join  the 
delta. 
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The  prevolcanic  gravels. — These  gravels  usually  contain  more  or  less 
pebbles  of  white  quartz  A^ith  others  prevailingly  quartzose,  and  all  are 
derived  from  the  bed-rock  series,  among  which  there  are  many  igneous 
rocks,  but  no  Tertiary  lavas.  The  material  ranges  in  size  from  occa- 
sional sand  streaks  to  scattered  bowlders  up  to  12  feet  through,  but 
the  greater  number  of  the  pebbles  are  from  1  to  4  inches  in  diameter. 
Locally  they  are  cemented  so  as  to  form  conglomerate.  The  gravels 
of  the  Jura  River  bed  throughout  its  whole  course,  as  well  as  the 
bulk  of  the  gravels  of  the  delta,  belong  to  this  horizon.  It  has  a 
maximum  thickness  of  over  500  feet,  and  near  its  base  contains  fossil 
leaves. 

It  has  not  been  found  possible  at  any  point  I  have  had  an  opportu- 
nity to  examine  along  the  course  of  Jura  River  to  distinguish  the 
deep  gravels  and  the  bench  gravels  described  by  Lindgren.  The 
great  bulk  of  the  stream  gravels  in  the  broad  channel  are  undoubtedly 
bench  gravels,  but  the  presence  of  the  deep  gravels  could  not  be 
cleariy  demonstrated.  More  extensive  mining  may  bring  them  to 
light.  Hoi^ever  this  may  be,  the  equivalents  of  both  deep  gravels 
and  bench  gravels  most  likely  occur  in  the  main  mass,  but  have  not 
yet  been  distinguished. 

LATER   DEPOSITS   (iNTERVOLCANIC). 

Rhyolitic  tuff. — In  the  region  of  Willards  Creek  riiyolitic  tuff  was 
found  interbedded  with  sandstone  between  masses  of  conglomerate, 
and  it  belongs  in  the  succession  of  gravels  before  the  eruption  of  the 
volcanic  breccia.  There  are  several  beds  of  tuff  grading  into  sand- 
stone which  are  very  similar  to  the  rhyolitic  tuffs  which  Lindgren 
and  Turner  have  described  as  overlying  tlie  bench  gravels  in  the 
Sierra  Nevada  south  of  the  Taylorsville  region.  Rhyolite  flows  occur 
at  Haskell  Peak  and  beyond,  overlying  the  gravels  to  the  head  of  Jura 
River,  and  are  themselves  overlain  by  flows  of  andesite  bre(;cia,  but 
both  kinds  of  flows  are  generally  absent  from  the  ancient  river  chan- 
nel north  of  the  fortieth  parallel  until  the  main  mass  is  reached  in 
the  vicinity  of  the  present  crest.  Chemical  analyses  of  the  rhyolite 
tuffs  farther  south  are  not  available  for  comparison,  but  Lindgren, 
who  has  kindly  examined  the  slides  and  specimens  from  Willards 
Creek,  recognizes  them  as  being  practically  identical  with  the  rhyolite 
tuff  to  which  he  refers. 

IrUervolcanic  gravels. — Overlying  the  rhyolitic  tuff  and  sandstone 
on  Willards  Creek  is  a  mass  of  gravel  containing  a  considerable  ])r()- 
portion  of  lava  pebbles,  and  these  increase  in  amount  upward  through 
a  thickness  of  about  75  feet.  These  were  found  at  only  one  place, 
and  were  not  studied  in  great  detail  at  the  time,  but  they  a])pear  to 
lie  conformably  between  the  andesitic  breccia  and  rhyolitic  tuff  and 
find  their  equivalents  most  likely  in  tliose  of  the  rhyolitic  period  and 
intervolcanic-erosion  period  of  Lindgren. 
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Volcanic  flows,  chiefly  andesitic  hreccia. — ^This  material  is  mainly  of 
hornblende  and  hypersthene  andesite,  often  in  the  form  of  breccia, 
such  as  filled  the  broad  valleys  and  covered  the  rhyolite  flows  and 
auriferous  gravels  at  many  points.  Their  source  in  the  Taylorsville 
region  is  fairly  well  marked  at  Red  Mountain,  near  Diamond  Moun- 
tain, and  a  few  miles  farther  northwest  on  the  crest,  and  by  their 
extrusion  over  the  submerged  end  of  the  Sierra  Nevada  the  bottom 
became  very  irregular.  As  eruptions  progressed  the  water  became 
more  shallow,  with  islands  along  the  summit. 

Shore  gravel, — The  islands  along  the  crest  are  bordered  by  beach 
platforms  paved  with  coarse  gravel  and  cobblestones  of  andesite,  with 
a  few  of  basalt  derived  directly  from  the  adjacent  shore.  Their  lower 
portions  locally  join  the  intervolcanic  gravels,  but  their  relations 
could  not  be  fully  determined.  The  prevolcanic  gravels  at  Moon- 
light and  the  head  of  Willards  Creek,  as  already  pointed  out,  have  a 
decided  dip  of  from  15°  to  20°,  which  appears  to  indicate  tilting  after 
deposition;  but  as  clearly  bedded  andesitic  tuff  associated  with  the 
volcanic  breccia  shows  the  same  inclination,  it  appears  that  the  tilting 
took  place  in  the  final  movement  after  all  the  gravels  were  deposited, 
possibly  with  essential  conformability  throughout. 

lONE   FORMATION. 

The  lone  formation,  made  up  cliiefly  of  sand  and  gravels,  lies  along 
the  western  base  of  the  Sierra  Nevada  in  the  Sacramento  Valley, 
where  Lindgren"  has  found  that  it  contains  Miocene  shells,  and  with 
Turner''  has  shown  that  it  was  deposited  synchronously  with  the 
older  auriferous  gravels.  The  lone  formation  is  extensively  developed 
in  the  eastern  {)art  of  Shasta  County,  from  Cow  Creek  to  Kosk  Creek, 
beyond  the  great  bend  of  Pit  River,  and  contains  fossil  leaves  and 
local  traces  of  coal.  The  strata  dip  easterly  beneath  the  great  mass 
of  Tertiary  lavas  about  Lassen  Peak,  and  are  believed  to  represent 
the  same  geologic  horizon,  and  possibly  are  connected  with  the  great 
mass  of  auriferous  gravels  which  disappear  beneath  the  same  lavas  at 
the  nortli  end  of  Mountain  Meadows.  This  correlation  is  practically 
demonstrated  by  a  comparison  of  their  floras. 

FLORA  OF  THE  PREVOLCANIC  TRAVELS. 

Tlio  only  fossils  foimd  were  in  the  earlier  auriferous  gravels,  and 
collections  were  made  at  two  localities — one  near  the  eastern  end  of 
Moonlight  on  the  slope  toward  the  west  fork  of  Lights  Creek,  at  an 
elevation  of  about  6,000  feet,  the  other  three-fourths  of  a  mile  north 
of  tin*  road  summit  between  Taylorsville  and  Susanville,  at  an  eleva- 
tion of  6,000  feet  on  the  slope  of  Gold  Run.  and  about  7J  miles  south- 
west of  Susanville.     Fossils  were  collected  years  ago  from  the  same 


a  Jour,  (leology,  vol.  4.  iSfM\,  p.  SIK).  b  Am.  (leologist,  vol.  15,  1895,  p.  373. 
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mass  of  gravel**  at  the  head  of  Mountain  Meadows  and  also  three- 
fourths  of  a  mile  north  of  the  Lights  Canyon  road  summit.  Plants 
from  both  these  localities  have  been  tabulated  with  the  later  collec- 
tions for  comparison  with  those  from  the  auriferous  gravels  of  the 
Sierra  Nevada  south  of  the  Taylorsville  region,  as  well  as  those  of  the 
lone  formation  on  Little  Cow  Creek  and  Kosk  Creek  of  Shasta  County. 
The  earlier  collections  examined  by  Professor  Lesquereux  have  been 
studied  by  Knowlton,  whose  determinations  are  given  in  the  follow- 
ing table,  which  contains  all  the  forms  thus  far  identified  in  the 
Taylorsville  region  and  in  the  lone  of  Shasta  County: 

Tertiary  fossils  from  Taylorsiille  region  and  vicinity. 


Namo. 


Aeor  Bendirei  Lesq 

Alnus  Kefersteinli  AI.  Br . 
Aralia  lasaenlana  Lesq 


\4 


GQ 


s 


3 


oF 


Aralla  Whltnoji  Lesq.. 
Asplenium  Wegnumiu. 
Ciniiamomum   Scheuchzeri   or  polymor- 

phum,  Al.  Br 

Fagus  Antipofli  Ablch 

FIcus  asiminfl?folia  Lesq 

Ficiis  mlcrophylla  Lesq 

Flciw  tillsefoUa  Al.  Br 

Ficus  shastensis  Leaq 

Joglans  Bilinica  Ung ' I      -f- 

Juglans  egregia  Lesq '      +      i 

Jugians  rugosa  Lesq i i 

Laurtia  ramornlca  Liasq -f- 

Laiinu  salicifolia  Lesq 

Launis  grandis  Lesq 

Leguminositca  sp i 

Magnolia  calif omlca  Lesq I      +       

Magnolia  IlUgardiana  L<«q I j 

Magnolia  Ingfefif^idl  Heer i 

Magnolia  lanceolata  Lesq ' 

Myiica  Ungeri  lleer I 

Oreodaphne  litssetformls  Lesq 

Penea  Dillerl  Lesa + 

Persea  paeudocarolinensls  Lesq +       

Phragmites  cenlngenslfl  .U.  Br 

Platanns  appendiculata  Lesq 
PlataniM jllsseeta  Lesq 


Populus  Zaddachi  Ileer i      -f- 

Pterospermltes  spectabilis  Heer i 

Ouercus  convexa  Lesq + 


.1. 


Stiercus  dlstincta  Lesq 

jucrcus  Kigantiflsimus  Kn 

Jiierciis  Moorii  Lesq 

Suercus  Olafseni  Heer 

JoeTCUs  Boweniana  Lesq 

juercus  n.  sp.  cf.  Q.  etenoides 

Rhus  inetopioides  Lesq 

Rhus  mixta  Lesq 

Saballtes  califomicus  Lesq 

Sallz  califomica  Lesq 

Spbenopteris  Guyottii  Lesq 

ulmtis  califomica  Lesq -f- 

Uhnus  pseudofulva  Lesq 


"2  =  o 


:tb 


+ 
+ 


+ 
+ 
+ 


+ 
+ 
+ 


+ 
+ 
+ 


1  and  2 


2  und  « 
li 


land  2 


4 

1  and  2 

2aVuV4 

2jjn<l  <i 

,2.  and  4 

(i 

2  and  3 
land  2 


1  and  '. 
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In  the  final  column  of  the  table  the  particular  locality  at  which  the 
species  has  been  found  is  indicated  by  figures.  1=  Chalk  BluflF,  2  = 
Independence  Hill,  3  =  Table  Mountain,  4  =  Volcanic  Hill,  5  =  Rook 
Corral,  and  6  =  Monte  Cristo  mine,  Spanish  Peak.  The  fossils  from 
Little  Cow  Creek  and  Kosk  Creek,  lone  formation,  are  from  essen- 
tially the  same  mass.  The  same  is  true  also  of  the  three  localities  of 
the  Taylorsville  region.  For  purposes  of  comparison,  therefore,  the 
localities  noted  in  the  table  may  be  grouped  imder  three  heads;  lone 
of  Shasta  County,  northern  end  of  the  Sierra  Nevada,  and  western 
slope  of  the  Sierra  Nevada. 

In  the  lone  of  Shasta  County  20  species  have  been  identified, 
and  of  these  18  have  been  recognized  in  the  earlier  gravels  of  the 
western  slope  of  the  Sierra  Nevada,  leaving  no  room  for  doubt  that 
the  two  formations  are  for  the  most  part  synchronous  in  origin. 

Twenty-seven  species  have  been  identified  in  the  gravels  of  the 
Taylorsville  region,  of  whicli  13  occur  in  the  gravels  of  the  western 
slope  of  the  range,  a  correspondence  which  is  sufficiently  marked 
to  show  that  the  gravels  of  the  two  regions  are  closely  related  in  age. 

AGE  OF  THE  PBEVOLCANIC  AUBIFEB0U8  GKAYBLS.  • 

GENERAL  STATEMENT. 

The  age  of  the  auriferous  gravels  of  the  Sierra  Nevada  in  California 
is  generally  given  as  late  Miocene  or  Pliocene  and  is  based  chiefly  on 
fossil  plants  and  a  few  animal  forms. 

In  liis  report  on  the  later  coUections.of  fossil  plants  from  the  gravels 
of  tlie  Taylorsville  region  and  the  earlier  collections  from  the  lone  of 
Sliastti  Coimty,  Knowlton  says  that  they  are  typical  of  the  aurifennis 
<^i*av('ls  and  nothing  in  the  collection  suggests  an  age  as  old  as  the 
Eocene.  This  statement  does  not  apply  to  the  eai*lier  collection, 
dotcrniined  by  Ijesquereux,  which  Knowlton  regards  as  of  greater  age. 

The  auriferous-gravel  period  in  all  probability  was  a  long  one,  and 
no  considcnible  part  of  its  flora  has  yet  been  connected  directly  with 
its  contemporaneous  marine  fauna  of  the  same  region.  On  physio- 
graphic and  stratigraphic  grounds  and  the  general  relations  of  the 
Sierra  Nevada  to  sedimentation,  it  has  long  been  supposed  by  some 
geologists  that  the  oldest  auriferous  gravels,  the  deep  gravels  of 
Liiul<^r(*n,  are  probal)ly  Eocene,  but  the  evidence  assigned  is  prob- 
leniatical  ratli(M'  than  ]>()sitivo. 

The  locality  7V  miles  southwest  of  Susanville,  as  given  in  the  fore- 
goiiii^  table,  is  essentially  the  same  as  the  one'*  three-quarters  of  a 
mile  north  of  where  Light  Canyon  and  the  Susanyille  road  cross  the 
summit.  The  small  lens  of  shale  from  which  the  plants  were  col- 
lect<>(l  in  1886  was  exhausted,  but  another  shaly  lens  near  by  in  the 

a  Eighth  Ann.  Ropt.  l.'.  S.  (J<'ol.  Siirvoy,  pt.  1,  1889,  p.  420. 
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same  conglomerate  furnished  the  material  collected  by  James  Stons 
in  1904.  The  lenses  differ  lithologically  and  the  floras  are  different, 
but  they  are  reported  by  Storrs  to  be  in  the  same  mass  of  conglomer- 
ate and  therefore  of  essentially  the  same  age.  The  earlier  collection 
was  regarded  by  Lesquereux  as  Eocene. " 

EOCENE   FLOR4-   OP   SOUTHWEST  OREGON. 

While  studying  the  Eocene  deposits  of  the  Roseburg,  Coos  Bay, 
and  Riddles  quadrangles  in  Oregon  fossil  leaves  were  foimd  in  the 
same  strata  with  marine  shells,  affording  an  opportunity  to  definitely 
connect  the  land  flora  with  its  contemporaneous  marine  fauna. 

The  following  list  of  10  species  embraces  the  Eocene  plants  identi- 
fied by  F.  H.  Knowlton  with  more  or  less  certainty  from  a  number  of 
localities  within  the  area  noted  above: 


Magnolia  lanceolata  Lesq. 
Magnolia  calif omica?  Lesq. 
Laurus  califomica?  Lesq. 
Sabalites  calif omicus?  Lesq. 
Andia  Whitneyi  Lesq. 


Populiis  Zaddachi  Ileer. 
Aralia  angiistiloba?  Lesq. 
Juglaiis  califomica?  Lesq. 
Ulmus  califomica  Lesq. 
Ficus  tilisefolia?  Al.  Braun. 


Among  the  shells  found  with  or  near  the  fossil  leaves  Dr.  W.  11.  Dall 
has  recognized  over  20  genera,  and  remarks:  **The  fossils  are  Eocene. 
They  contain  a  number  of  interesting  things,  particularly  the  Orbito- 
lites,  which  is  usually  characteristic  of  the  Oligocene  on  the  Atlantic 
coast  and  is  now  for  the  first  time  recognized  from  the  Pacific  coast.'' 

The  fossil  leaves  were  found  near  the  southeast  border  of  the 
Eocene,  where  shells  are  not  abundant,  but  a  short  distance  farther 
northeast  they  become  very  abundant  locally  with  such  characteristic 
forms  as  Venericardia  planicosta  and  TurriteUa  uvasaiia,  and  tliere 
is  no  doubt  concerning  the  Eocene  ago  of  the  strata  containing  the 
fossil  leaves. 

Of  the  10  species  of  plants  identified  7  are  somewhat  in  doubt,  but 
3,  Magnolia  lanceolataf  Aralia  Wldtneyi,  and  Populus  Zaddxichi,  are 
completely  satisfactory.  They  all  occur  in  the  auriferous  gravels  of 
Independence  Hill,  on  the  western  slope  of  the  Sierra  Nevada,  as  well 
as  on  the  sunmiit  of  the  northern  end  of  the  range,  7.\  miles  southwest 
of  Susanville.  The  last  species  occurs  at  many  other  localities, 
among  which  may  be  mentioned  the  lone  formation  of  Kosk  Creek 
and  Little  Cow  Creek  of  Shasta  County  and  the  auriferous  gravels 
of  Moonlight,  Chalk  Bluff,  and  Volcanic  Hill. 

Eight  of  the  10  species  reported  from  the  Eocene  of  Oregon  occur, 
according  to  Lindgren,  in  the  bench  gravels  of  Independence  Ilill,  in 
California.  It  seems  probable,  therefore,  that  not  only  the  *'deep 
gravels,"  but  also  the  ''bench  gravels,''  both  of  which  belong  to  the 
prevolcanic  gravels,  may  be  of  Eocene  age.^ 


•  Proa  U.  S.  Nat.  Mus..  1.SS8,  vol.  11,  p.  28. 

ftProc.  Washington  Acad.  Sci.,  vol.  8, 1907,  pp.  4o:i-4(H\. 
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TOPOGRAPHY  OF  THE  AUBIFEB0U8-0RATEL  PERIOD. 

Tlie  two  divides, — The  drainage  of  the  Taylorsville  region  during  the 
auriferous-gravel  period  clearly  supports  the  view  that  the  Sierra 
Nevada  was  then  a  conspicuous  range  of  mountains  with  two  divides 
at  the  north  end  separated  by  a  longitudinal  valley  draining  to  the 
north.  The  first  or  main  crest  represents  the  continuation  of  the 
great  divide  of  the  range  northwest  from  Castle  Peak  by  Sierra  Buttes 
and  Mount  Elwell  to  Spanish  Peak,  and  the  second,  as  shown  by 
Lindgren,  lies  farther  east  and  extends  north  toward  Honey  Lake, 
forming,  at  least  in  part,  the  east  front  of  the  range.  These  two  sum- 
mit crests  in  a  general  way  outUned  the  drainage  basin  of  Jura  River, 
wliich  flowed  north  between  them  to  the  estuarine  body  of  water  that 
probably  covered  a  large  part  of  the  Lassen  Peak  region  and  connected 
directly  wdth  an  arm  of  the  sea  in  the  Sacramento  Valley.  The 
estuarine-covered  portion  of  the  Taylorsville  region  was  apparently 
about  sea  level  during  the  gravel  period. 

Altitude  of  the  region, — The  flora  of  the  Taylorsville  region  during 
the  gravel  period  is  in  strong  contrast  with  that  of  the  same  region 
to-day,  and  supports  the  view  drawn  from  the  drainage  that  the 
northern  end  of  the  range  during  the  deposition  of  the  prevolcanic 
gravels  was  much  lower  than  now.  This  statement  is  not  intended  to 
apply  to  the  range  south  of  the  fortieth  parallel  for  the  streams  headed 
in  that  direction,  and  it  is  evident  that  the  range  there  had  greater 
altitude.  In  that  direction  Lindgren  has  shown  by  a  careful  study  of 
stream  grades  that  since  the  gravel  period  the  summit  of  the  Sierra 
has  been  raised  \\4th  reference  to  the  Sacramento  Valley  so  as  to 
increase  the  slope  to  the  southwest. 

Jura  River  Valley. — Jura  River  headed  in  the  main  divide  and 
flowed  parallel  to  its  base  for  many  miles  before  turning  more  nearly 
north.  West  of  the  river  the  valley  had  a  short,  steep  slope  from  the 
main  crest,  wliile  on  the  east  there  was  a  long,  gentle  slope  to  a  distant 
crest.  The  paucity  of  gravels  on  the  slope  east  of  the  river  may  be 
taken  as  an  indication  of  the  smallness  of  the  streams  as  compared \^ith 
the  main  river  with  its  well-marked  gravel  course. 

Small  masses  of  gravel  containing  pebbles  of  lava  were  found  on 
Squaw  Creek  (PI.  11),  near  Mapes,  4  miles  northeast  of  Chases,  and 
traces  occur  also  in  Red  Clover  Valley,  with  a  larger  mass,  of  lava  pel>- 
blcs  only,  south  of  (lenesee  Valley,  but  no  definite  evidence  has  yet 
l)e(Mi  ro])()rte(!  east  of  the  bed  of  Jura  River  to  indicate  the  former 
presence^  in  tliat  region  of  an  important  contemporaneous  stream. 

Drainage  of  Siena  ]\ill(y.~  So  definite  connection  has  yet  been 
traced  bc^tween  Jura  River  and  Sierra  Valley,  whose  records  of  the 
auriferous-grtivel  period  arc  concealed  beneath  a  cover  of  volcanic 
rocks  and  lake  beds.  Lindgren  has  traced  the  sunken  area  or  moat. 
as  he  a]>propriately  calls  it,  of  the  Lake  Talioe  region  as  far  north  as 
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Sierra  Valley  and  suggests  **  that  during  the  gravel  period  the  drain- 
age may  have  been  north.  So  large  an  area  would  give  rise  to  a  large 
stream  and  important  deposits  would  be  expected  to  record  its  course. 
A  su^estion  of  its  existence  may  probably  be  found  in  the  observa- 
tion of  Turner,''  who  reports  bowlders  and  pebbles  of  rhyolite  in  the 
auriferous  gravels  near  Cedar  Creek,  at  the  north  end  of  Mohawk  Val- 
ley lake  beds,  and  remarks  *'that  a  portion  of  this  gravel  is  of  later 
age  than  that  of  the  Haskell  Peak  channel,  wliich  is  capped  with 
rhyolite.' ' 

Uplift  in  gravel  period, — ^The  lower  portion  of  the  gravel  deposits  of 
the  main  area  in  the  Taylorsville  region  is  sand  and  the  upper  portion 
gravel,  often  coarse  and  containing  bowlders.  This  decided  and 
general  change  in  the  character  of  the  sediment  delivered  by  Jura 
River  must  have  resulted  from  an  increase  of  grade  within  the  pre- 
volcanic-gravel  period,  a  change  which  under  the  circumstances  points 
for  its  origin  to  a  rise  in  the  main  crest  of  the  range  about  Haskell 
Peak  or  farther  south. 

QUATERNARY. 

Gravels  ofKeddie  Ridge, — Three  miles  directly  east  of  Greenville,  on 
the  west  slope  of  Keddie  Ridge,  at  an  altitude  of  4,100  feet,  is  a  con- 
siderable body  of  well-rounded  gravel  forming  the  flattish  summit  of 
a  spur.  The  pebbles  are  chiefly  of  quartzite,  gray,  black,  and  rarely 
red  flinty  rocks  with  fragments  of  slate  and  granite,  and  a  few  are  of 
andesitic  lavas.  A  prospecting  shaft  has  been  sunk  20  feet  in  gravel 
and  sand  and  shows  the  pebbles  dipping  easterly  toward  a  gap  in  the 
Keddie  Ridge  through  wliich  the  depositing  stream  may  have  passed. 
The  deposit  is  about  50  feet  thick,  200  yards  wide,  and  nearly  half  a 
mile  long  in  the  direction  of  the  general  course  of  the  stream. 

Gravels  nsar  GreenviUe, — On  the  valley  border  1  mile  northeast  of 
Greenville  there  is  a  mass  of  gravel  exposed  along  the  road  for  over 
half  a  mile.  It  is  associated  with  soft  wliitish  material,  which  maybe 
volcanic,  and  is  overlain  by  a  sheet  of  andesitic  lava  in  which  pyrox- 
ene is  the  characteristic  mineral.  The  two  mtusses  of  gravel  just  noted 
probably  belong  to  the  same  stream,  which  seems  to  have  flowed 
across  the  gap  of  Keddie  Ridge  from  the  region  of  the  head  of  North 
Arm,  and  may  represent  an  early  diversion  of  Jura  River.  Whatever 
may  have  been  its  source  the  topography  of  its  time  was  very  diiTerent 
from  that  of  to-day. 

North  Arm  pothole. — An  interesting  pothole  occui-s  on  the  southeast 
side  of  North  Arm,  near  Mr.  Thompson's,  1  \  miles  northeast  of  Tayloi*s- 
ville.  The  waterwom  rock  is  the  Thompson  limestone  about  100  feet 
above  the  level  of  the  adjacent  valley  border.     The  pythole  is  2\  feet 

aTruckeofolio  (No.  39),  (leologio  Atlas  V.  S.,  l*.  S.  (leol.  Survey,  WJl,  p.  G. 
( Bevonteenth  Ann.  Kept.  r.  S.  Geol.  Survey,  pt.  1.  IKUti,  p.  oil. 
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ill  (Uameter  and  3  feet  deep  and  contains  a  lot  of  well-worn  gravel  at 
the  bottom  to  testify  in  a  very  satisfactory  manner  to  its  origin. 
There  is  no  stream  near  it  now,  and  the  only  reasonable  explanation 
apparent  ascribes  it  to  the  North  Arm  stream  fashioning  the  slopes 
of  the  valley  at  that  level. 

S1u)o  Fly  g^ravel  terraces, — On  the  right  bank  of  Indian  Creek  below 
Shoo  Fly  there  are  terraces  ranging  from  300  to  600  or  more  feet 
al)ov(»  the  stream.  Most  of  these  terraces  have  a  capping  of  rhyolite 
or  basalt,  and  some  have  traces  of  gravel,  but  no  large  body  of  gravel 
was  obseived  aiij'where  except  on  the  low  benches  near  the  present 
stream  level.  These  gravels  are  evidently  of  late  origin,  were 
de])osited  by  Indian  Creek,  and  according  to  Lindgren  are  distinctly 
connected  with  the  Pleistocene  gravels  of  American  Valley. 

Glacial  moraines, — Glacial  phenomena  in  the  Taylorsville  region 
are  veiy  meager  and  confined  to  the  eastern  slope  of  Grizzly  Moun- 
tains. The  small  ravine  heading  against  the  northern  side  of  Tower 
Kock  liad  sufficient  gathering  ground  at  an  altitude  of  7,500  feet  to 
give  rise  to  a  glacier  over  a  mile  in  length.  Its  morainal  deposits  are 
strewn  over  the  slope  from  6,000  down  to  nearly  4,500  feet,  where 
there  is  a  prominent  terminal  mass.  Higher  up  a  lateral  embank- 
ment is  well  marked  on  the  west  side. 

A  short  distance  farther  north  is  a  small  lake  due  to  a  small 
moraine  dam.  The  Devils  Punch  Bowl  is  an  excellent  example  of  the 
same  sort.  Crystal  Lake  of  Houghs  Peak  is  another  example,  and 
probably  also  Taylor  Lake,  near  Kettle  Rock. 

Valley  alluvium. — Valley  alluvium  is  the  sediment  which  fills  the 
valleys  and  makes  the  level  surface  of  Indian  Valley,  North  Arm,  and 
Genesee  Valley.  It  contains  scmie  gravel,  especially  where  streams 
enter  the  valleys.  Sand  is  more  widely  distributed,  but  silt  is  the  most 
conmion  material  and  makes  an  excellent  ricli  soil  for  agriculture. 

The  depth  of  the  valleys  and  the  character  of  the  material  below 
is  not  known.  No  deep  borings  or  wells  have  been  made.  It  is  appar- 
ent, h()wev(»r,  from  the  occurrence  of  the  Mounds,  which  are  simply 
knolls  on  a  sjnir  from  .Keddie  Kidge,  that  Indian  Valley  is  deepest 
on  the  western  side. 

IGNEOUS   ROCKS. 
C.ENEKAL   ACCOl'NT. 

Tii(*  itrneous  rocks  of  the  Taylorsville  region  are  the  same  as  those 
of  tli(»  Sierra  Nevada  south  of  the  fortieth  parallel,  which  have  been 
(IcscrilxMl  in  detail  by  Turner,  Lind^nMi,  and  Kansome  in  various  foUos 
and  spcM'ial  pa])ei*s.  This  renders  an  extended  treatment  of  them 
at  this  ])lac(*  unnecessaiy. 

The  igneous 'rocks  include  representatives  of  both  acidic  and  basic 
types,  some  intrusive  l)ut  most  of  them  effusive,  and  are  scattered 
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at  intervals  through  geologic  time  from  the  early  Silurian  to  the 
Quaternary.  The  Paleozoic  and  early  Mesozoic  igneous  rocks  of  the 
Taylorsville  r^on  are  chiefly  lavas  which  have  been  much  altered 
from  their  original  condition.  To  indicate  the  change  the  altered 
forms  are  designated  metarhyolite  and  meta-andesite. 

The  earliest  eruptive  recognized  in  the  Taylorsville  region  is  the 
metarhyoUte  at  the  base  of  the  Silurian  quartzite.  It  is  a  lai^e 
mass  having  a  probable  thickness  of  over  1,000  feet.  Tliis  was  suc- 
ceeded in  Carboniferous  time  by  extensive  eruptions  of  meta-andesite 
of  great  thickness,  separable  into  three  subordinate  masses,  Taylor 
meta-andesite.  Kettle  meta-andesite,  and  Reeve  meta-andesite,  each 
of  which  is  outUned  on  the  geologic  map. 

During  Jurassic  time  volcanoes  were  again  active  near  Taylorsville 
and  the  Fant  and  Hull  meta-andesites  were  erupted.  A  gr6at  change 
took  place  about  the  close  of  the  Jurassic,  and  the  intrusive  rocks 
of  that  time  are  strongly  contrasted  with  the  earher  lavas.  Instead 
of  metarhyoUtes  and  meta-andesites  we  have  holocrj'stalline  granu- 
lar rocks,  such  as  granodiorite,  serpentine,  pyroxenite,  and  various 
rocks  occurring  in  dikes.  The  Tertiary  volcanics  are  of  three  types, 
rhyohte,  andesite,  and  basalt. 

PRE-SILURIAN. 
METARHYOLITE  (QUARTZ  PORPHYRY). 

General  description, — This  is  a  massive  gray  siliceous  rock  wliich 
generally  contains  phenocrysts  of  quartz  or  feldspar  embedded  in  a 
uniformly  fine,  compact  groundmass.  In  the  most  common  form 
on  the  slope  of  Grizzly  Mountains  phenocrysts  of  feldspar  are  absent, 
and  those  of  quartz  often  inconspicuous  or  absent,  but  elsewhere 
both  are  usually  abundant.  Flow  lines  are  not  generally  present 
but  are  sometimes  conspicuous.  Part  of  the  mass  is  distinctly  frag- 
mental,  made  up  of  angular  pieces  of  metarhyolite  cemented  by 
material  of  essentially  the  same  sort.  On  a  weathered  surface  the 
fragments  usually  become  much  hghter  than  the  true  intei-stitial 
material  and  make  the  brecciated  character  of  the  rock  conspicuous, 
and  it  appears  to  be  a  veritable  flow  breccia.  In  other  portions  there 
are  occasional  bright-red  fragments  of  various  shades  and  tints 
which  give  prominence  to  its  structure.  Some  of  the  fragments  are 
rounded,  suggesting  attrition,  while  others  are  amygdaloidal,  as  if 
originally  vesicular,  suggesting  volcanic  ejection,  though  no  positive 
fine  volcanic  tuflf  was  discovered. 

Much  of  the  metarhyolite  has  a  decided  schistose  structure,  which 
is  in  some  places  approximately  parallel  to  the  lines  of  flowage. 
On  the  lower  slope  of  Grizzly  Mountains  the  structure  is  veiy  well 
50007— Bull.  353-08 6 
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developed  and  dips  to  the  southwest  parallel  to  the  flow  lines  and 
the  general  stratification  of  the  mountains.  That  this  structure  is 
due  to  compression  and  consequent  shearing  is  shown  by  the  fact, 
seen  under  the  microscope,  that  the  grains  of  quartz  are  crushed 
and  displaced  along  the  same  lines. 

Occurrence. — The  mass  designated  as  metarhyoUte  is  complex,  being 
made  up  of  surface  flows,  some  of  which  are  thoroughly  brecciated, 
intermingled  with  much  ejected  fragmental  material  spread  over 
the  country  before  the  deposition  of  the  Grizzly  formation. 

Relation  to  adjacent  rocJcs, — The  relation  of  the  metarhyohte  to 
the  Grizzly  formation  is  of  greatest  importance  and  has  already  been 
considered  in  connection  with  the  quartzite.  The  pebbles  of  meta- 
rhyohte in  the  overlying  quartzite  afford  deflnite  and  conclusive 
evidence  that  the  quartzite  was  deposited  upon  the  metarhyolite. 
The  original  surface  of  the  siliceous  lava  was  probably  very  rough 
and  irregular,  and  these  features  have  been  intensified  by  deforma- 
tion. On  the  lower  slope  of  Grizzly  Mountains  opposite  Huntington 
the  ancient  rhyolite  has  well-marked  fluidal  structure,  in  general 
parallel  to  the  surface  on  which  the  quartzite  was  laid  down  and 
subsequently  folded. 

After  determining  the  relation  of  the  metarhyohte  to  the  Silurian 
quartzite  it  is  easier  to  understand  its  relation  to  sediments  of  later 
age.  The  Taylorsville  formation,  hke  the  Grizzly,  is  folded  or 
faulted  into  the  metarhyolite,  but  in  the  case  of  the  Arlington  and 
later  formations  the  sediments  overlie  the  metarhyolite  with  evi- 
dences of  less  subsequent  disturbance. 

Distnhution. — Metarhyolite  is  especially  wel  developed  on  the 
eastern  slope  of  Grizzly  Mountains.  To  the  southeast  it  extends  as 
a  narrow  bolt  for  11  miles  into  the  Downieville  region,  where  it  has 
been  recognized  by  Turner  as  made  up  of  volcanic  flows.  To  the 
north  and  northwest  from  Grizzly  Mountains  its  area  widens  so  as  to 
form  Keddie  Ridge  and  the  hills  between  Crescent  Mills  and  Green- 
ville and  beyond,  where  it  is  covered  by  the  later  formations.  It  is 
possible  that  the  igneous  rock  of  this  large  area  is  not  all  of  the  same 
age.  A  small  part  of  it  may  belong  to  the  rhyohte  erupted  at  the 
close  of  the  Jurassic,  and  occurring  as  dikes  in  the  earlier  form,  but 
th(^  close  similarity  between  the  two  rocks  rendered  it  impractica- 
ble to  separate  them  in  all  cases. 

C'ARBOXIFEHOIS. 
TAVLOK   MKTA-AM)KSITK. 

General  description-  This  rock  is  decidedly  <rreen  and  is  generally 
desi<j:iiftted  <j:reenst()ne  l)y  tli(»  minors.  AVhero  not  too  much  altered 
it  is  porphjTitic  with  numerous  cry^stals  of  augite  and  occasionally 
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feldspar,  but  in  most  cases  the  porphyritic  structure  has  been  obscured 
in  the  development  of  an  imperfect  cleavage. 

Much  of  the  rock  has  a  decidedly  fragment al  structure,  which  is 
most  plainly  visible  on  a  weathered  surface.  Tlie  fragments  in  some 
places  are  clearly  vesicular  and  show  that  the  fragmental  material 
is  really  tuffaceous  and  represents  explosive  volcanic  action,  but  it  is 
rarely  if  ever  a  coarse  agglomerate.  In  other  cases,  liowever,  vesic- 
ular fragments  are  few  or  absent  and  the  rock  j^asst^s  into  a  line 
conglomerate.  The  matrix,  like  that  of  the  tulT  ami  the  altered 
groundmass  inclosing  the  phenocrysts  of  augite.  iscomi>osed  in  large 
measure  of  secondary  hornblende,  chlorite,  epidote,  and  quartz.  The 
Taylor  meta-augite  andesite  generally  has  an  imperfectly  developoil 
slaty  structure  and  is  often  traversed  by  quartz  veins,  many  of  which 
follow  the  lines  of  cleavage.  Occasionally  the  r^ck  is  full  of  quartz 
amygdules,  which  stand  out  on  the  weathered  surfaces,  giving  the  rook 
the  aspect  of  a  quartz  porphyrv'. 

The  phenocrysts  of  augite  are  rarely  complete  crA'stals.  Si>me  of 
them  show  one  or  more  crj'stallographic  boundaries,  but  for  the  most 
part  they  are  fragments  of  crystals  irregular  in  outline.  Many  of 
them  have  traces  of  a  lighter  colored  fringe  of  enlargement.  Pheno- 
crysts of  plagioclase  are  not  common  and  the  groundmass  is  generally 
so  altered  as  to  be  completely  replaced  by  ej>id()te,  clilorite,  horn- 
blende, and  quartz,  but  where  presers^ed  it  is  made  up  of  minute 
elongated  crystals  of  feldspar  arranged  in  streams.  Xo  (lefhiite  trace 
of  diabasic  structure  was  found. 

Occurrence. — ^Taylor  meta-augite  andesite  occurs  in  irregular  sheets 
which  represent  lava  flows  from  ancient  volcanic  vents  intermingled 
with  clastic  material  blown  from  the  same  craters.  One  of  the 
best  localities  to  observe  the  relations  is  about  Taylor  Kock,  where 
the  tuffaceous  portion  is  well  exposed.  The  mass,  as  already  noted, 
generally  has  more  or  less  prominent  cleavage  |)lanes  which  strike 
northwest  and  southeast,  parallel  to  the  general  strike  of  the  forma- 
tion, and  dip  to  the  southwest.  Owing  to  deformation  and  alteration 
the  position  of  the  lava  flows  and  tuffs  is  difficult  to  determine,  but 
generally  they  lie  in  sheets  approximately  parallel  to  the  stratiiicaticm 
of  the  sediments  betw^een  which  they  outcrop.  That  this  is  their  true 
position  can  be  best  determined  in  the  canyon  of  Indian  Cre(»k,  between 
Shoo  Fly  and  Arlington  Bridge,  where  tlie  great  mass  of  nieta-augite 
andesite  lava  and  tuff  lies  conformably  between  the  Shoo  Fly  and 
Arlington  beds  and  dips  steeply  to  the  soutliwest. 

Distribviion. — The  same  conclusion  may  be  drawn  from  its  general 
distribution  northwest  of  Houghs  Peak,  wliere  for  over  20  miles  it 
foUows  along  the  strike  between  the  Shoo  Fly  and  Arlington  forma- 
tions. Southeast  of  Houghs  Peak,  however,  its  distribution  is  some- 
what less  regular.     It  breaks  across  the  older  strata,  sending  dikes 
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into  tliem  and  coverin":  them  in  a  broader  area,  which  extends  south 
of  the  fortieth  parallel  for  many  miles. 

A  second  and  much  smaller  area  lies  between  the  Peale  and  Robin- 
son formations,  crossing  Grenesee  Valley  a  mile  east  of  the  post-office. 
It  seems  most  })robable  that  the  lavas  of  this  small  area,  though  of 
Carboniferous  age,  are  somewhat  younger  than  those  of  the  Taylor 
Rock  area.     The  Peale  formation  apparently  belongs  between  them. 

It  seems  most  probable  that  the  masses  of  meta-andesite  west  of 
Taylorsville,  as  well  as  that  of  the  mounds  in  Indian  Valley,  the  point 
northeast  of  Crescent  Mills,  and  the  larger  mass  of  Keddie  Ridge  and 
Keddie  Peak,  belong  to  the  Taylor  meta-augite  andesite.  Much  of  it 
is  like  the  Fant  meta-andesite,  to  be  described  presently. 

Relations  to  adjacent  formations  and  age. — In  considering  its  occur- 
rence emphasis  was  placed  on  the  fact  that  it  lies  between  the  Arling- 
ton and  Shoo  Fly  formations  and  would  therefore  appear  to  be  of 
contemporaneous  eruption  interstratified  with  Carboniferous  rocks. 
Dikes  have  been  found  running  off  from  the  main  mass  near  Taylor 
Rock  into  the  Arlington  formation,  but  not  into  the  overlying  beds 
to  the  southwest. 

KETTLE  META-ANDESITE. 

General  description. — The  principal  rock  included  under  this  desig- 
nation is  decidedly  porphyritic,  with  many  small  phenocrysts  of  feld- 
spar and  some  of  hornblende,  and  rarely  also  a  few  round  grains  of 
quartz.  Those  are  embedded  in  a  reddish-brown  or  gray,  partially 
crystalline  groundmass,  containing  small  grains  of  plagioclase  and 
quartz.  This  form  is  most  abundant  on  the  prominent  spur  leading 
from  Peters  up  to  the  Lucky  S  mine,  also  in  Homfels  Point  and  along 
the  east  slope  of  Wards  Creek. 

A  subordinate  but  still  abundant  rock  included  in  the  Kettle  meta- 
andesite  is  pale  greenish  gray  and  generally  nonporphyritic  except 
in  tliin  section  under  a  microscope  where  phenocrysts  of  feldspar  are 
seen  altered  to  epidote  and  ([uartz  and  embedded  in  a  fine  groundmass 
full  of  feldspar  microlitos.  This  form  is  most  abundant  along  Peters 
Creek  and  in  the  neighborhood  of  Kettle  Rock.  Both  these  forms 
are  intimately  associated  with  fragmental  rocks,  mainly  tuffaceous. 
but  locally  passing  into  fine  conglomerate  and  sandstone. 

Occurrence.-  -The  Kettle  meta-andesite  is  clearly  of  volcanic  origin, 
and  its  mass  is  made  up  of  an  extended  series  of  lava  flows  and  prod- 
ucts of  volcanic  explosions.  Tlie  whole  mass  has  been  subject  to 
much  deformation,  so  as  to  obscure  the  origmal  structure,  but  the 
individual  sheets  of  lava  and  tuff  are  locally  still  visible  on  the  steep. 
rocky  canyon  slopes  of  Peters,  Surprise,  and  Lights  creeks. 

Disirlhniion.  A  small  area  lies  south  of  Genesee  Valley,  but  the 
maui  mass  extends  from   Ilornfels  Point  northwest  across  Peters 
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Creek  and  Lights  Creek  to  Moonlight  and  Mountain  Meadows,  where 
it  disappears  mainly  beneath  the  mass  of  Tertian^  lavas  which  cap 
that  portion  of  the  range,  and  which  have  not  been  completely  mapped 
in  detail. 

Relations  to  adjacent  formations. — The  relation  of  the  Kettle  meta- 
andesite  to  the  Robinson,  Trail,  and  Foreman  formations,  as  showTi  on 
the  map  (PL  III) ,  appears  at  first  glance  to  be  tliat  of  an  eruptive  includ- 
ing dislodged  masses  of  the  formations  named.  It  must  be  remem- 
bered, however,  that  of  all  the  included  masses  on  Hosselkus  Creek, 
Peters  Creek,  North  Arm,  Lights  and  Surprise  creeks,  only  one,  that 
on  Peters  Creek,  contains  fossils,  and  they  are  in  all  probability  of 
Carboniferous  age.  It  is  evident,  therefore,  tliat  tlie  relation  of  the 
Kettle  meta-andesite  to  the  Carboniferous  sandstone  on  Peters  Creek 
is  the  most  important. 

The  Robinson  beds  of  the  limited  locality  cm  Peter  Creek  are  red 
and  gray  tufTaceous  sandstones  wdth  marked  pencil  structure  and 
composed,  as  in  the  typical  Robinson  formation,  almost  exclusively 
of  particles  of  volcanic  rocks.  By  the  trail  they  dip  southwest  at  an 
angle  of  about  54®,  but  farther  north  they  appear  vertical  and  so 
grade  into  the  coarser  tufTaceous  material  by  which  they  are  bounded 
in  all  directions  as  to  indicate  that  the  sandstone  in  question  is  a  part 
of  the  fragmental  material  of  the  great  mass  of  Kettle  meta-andesite, 
and  that  the  volcanic  eruptions  occurred  about  the  time  the  Robin- 
soil  formation  was  deposited — that  is,  in  the  late  Carboniferous.  It 
may  be  noted  here  that  in  the  Redding  region  of  Shasta  County, 
where  the  structural  relations  are  much  simpler,  there  are  great 
masses  of  volcanic  material  at  about  the  same  geologic  horizon. 

TufTaceous  sandstones  w^ere  found  at  a  number  of  localities  within 
the  Kettle  meta-andesite,  but  microscopic  sections  revealed  no  fossils. 
Some  were  not  marked  on  the  map,  but  others  were,  and  it  is  possible 
that  all  may  belong  to  the  Robinson  formation.  This,  however,  does 
not  seem  probable  in  the  areas  marked  as  belonging  to  the  Trail  and 
Foreman  formations,  where  the  masses  are  large  and  the  lithologic 
resemblance  close  to  the  nearest  masses  of  sediments.  The  long, 
narrow  belt  of  the  Trail  formation  crossing  Ilornfels  Point  is  vertical 
and  appears  to  be  folded  or  faulted  down  into  the  meta-andesite.  In 
the  Surprise  Creek  areas  the  rocks  are  like  those  of  Evans  Peak  and 
have  a  gentle  dip  to  the  southwest  directly  into  the  meta-andesite, 
from  which  it  is  most  likely  separated  by  a  fault. 

On  the  north  side  of  Genesee  Valley  the  Kettle  meta-andesite  is 
converted  into  homfels  along  its  contact  with  the  granodiorite, 
showing  conclusively  that  the  meta-andesite  is  older  than  thediorite. 
It  is  important  to  note  in  this  ccmnection  the  occurrence  in  the 
tuffaceons  Kettle  meta-andesite  conglomerate  of  pebbles  of  red  jasper 
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and  of  a  reddisli  granitic  rock.  The  latter  is  composed  of  red  ortho- 
clase  and  quartz  with  marked  graphic  texture  and  includes  a  few 
scales  of  mica.  The  jasper  may  come  from  earlier  Carboniferous 
rocks,  but  the  source  of  the  other  is  unknown. 

REEVE  META-ANDESITE. 

General  description, — ^White  crystals  of  plagioclase  are  plentifully 
scattered  in  a  compact  dark  grounchnass,  giving  the  rock  a  conspicu- 
ous porphyritic  structure.  No  phenocrysts  of  augite  are  present, 
and  the  dense  groundmass  appears  largely  amorphous  and  is  full  of 
feldspar  microlites,  generally  without  any  definite  ferromagnesian 
silicate.  In  one  case,  however,  the  groundmass  was  found  to  be  holo- 
crystalline  and  composed  of  many  ledge-shaped  crystals  of  plagioclase, 
with  grains  of  augite  and  magnetite  filling  the  angular  spaces  between 
them  as  in  diabase. 

Though  some  of  the  material  appears  to  be  a  solid  lava  flow,  much 
of  it  is  fragmental  yet  decidedly  porhpyritic,  and  distinguishable 
from  the  other  chiefly  by  the  fact  that  it  contains  a  variety  of  well- 
preserved  fossils  and  grades  into  the  sandstone  of  the  Robinson  forma- 
tion. In  places  the  rock  has  been  so  squeezed  as  to  develop  a  slaty 
structure,  in  Avhich  the  phenocrysts  of  feldspar  are  drawn  out  long  in 
the  plane  of  cleavage. 

Occurrence  and  distribution. — It  occurs  as  a  definite  flow  and  tuff 
which  forms  a  long,  narrow  belt  running  northwest  from  Robinson's 
house  in  Genesee  Valley  and  bounded  on  both  sides  by  fossiliferous 
beds  of  the  llobinscm  formation.  A  remarkable  expansion  of  this 
area  occurs  a  mile  northwest  of  Robinson's  and  is  succeeded  in  the 
same  direction  by  a  narrow  dikelike  mass  which  is  remarkable  for  its 
schistosity,  suggesting  that  its  narro^vness  is  due  to  compression. 

A  second  belt  similar  to  the  first  borders  the  Robinson  formation 
on  the  west,  Init  its  long,  slender,  dikehke  south  end  does  not  quite 
reach  Genesee  Valley.  South  of  Genesee  Valley  a  small  area  of  the 
Reevo  meta-andesite  occurs  east  of  Wards  Creek. 

North  of  Indian  Valley  four  areas  occur  (PI.  II)  which  have  not 
been  inaj)pe(l  in  detail.  The  first  and  principal  area  is  a  long,  narrow 
belt  extending  northwest  from  near  the  Lucky  S  mine  to  Moonlight; 
the  second  is  at  the  head  of  Cooks  Canyon,  and  the  other  two  lie  on 
the  slopes  oast  of  Mountain  Meadows  in  line  with  the  principal  mass 
already  noted. 

lidailoii  to  (id  jo  cent  formations  and  age. — The  intimate  association 
of  the  layaaiid  tull'  with  the  Robinson  formation,  into  which  the  tuff 
grades,  as  well  as  the  fossils  contained  in  the  tuff,  fixes  the  age  of  the 
igneous  eruption  as  in  the  late  Carboniferous.  The  long  southern 
extremity  of  the  western  area  has  the  form  of  a  dike  cutting  the  earlier 
meta-augite  andesite,  which  may  belong  to  the  same  horizon  as  that  of 
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Taylor  Rock,  though  it  seems  to  be  somewhat  later  in  the  Carbonif- 
erous. These  horizons  of  vigorous  volcanic  activity  in  the  Car- 
boniferous correspond  closely  to  those  of  the  Redding  region  of 
Shasta  County  described  in  the  Redding  folio. 

The  relation  of  the  Reeve  meta-andesite  to  the  Kettle  meta-andesite 
is  not  clear,  though  it  appears  to  penetrate  the  volcanics  as  a  dike, 
indicating  that  the  Kettle  meta-andesite  is  the  older. 

JURASSIC. 
FANT  META-ANDESITE. 

General  description, — The  Fant  meta-augite  andesite  is  a  greenish 
to  reddish-brown  rock  which  is  more  or  less  porphyritic,  sometimes 
with  augite,  but  often  with  plagioclase  in  a  groundmass  made  up  of 
small  crystals  and  grains  of  feldspar,  augite,  and  magnetite,  and  gen- 
erally with  some  amorphous  matter.  Occasionally  it  is  conspicuously 
porphyritic  with  an  abundance  of  greenish  crystals  of  plagioclase 
in  a  reddish  groundmass.  When  the  phenocrysts  are  of  augite  they 
are  inconspicuous  in  a  greenish  groundmass.  The  most  abundant 
form  of  this  meta-augite  andesite  is  fragmental,  and  it  is  composed  of 
material  ejected  by  volcanic  eniption,  so  that  it  is  tuffaceous.  It  is 
generally  fine,  the  fragments  being  under  an  inch  in  diameter  and 
often  amygdaloidal. 

Occurrence  and  distribution. — The  Fant  meta-augite  andesite  occurs 
in  flows,  forming  with  its  associated  tuff  irregular  layers  parallel  gen- 
erally to  the  stratification  of  the  adjoining  sedimentary  rocks.  The 
flows  and  tuffs  being  irregidar,  it  is  difficult  to  determine  their  general 
position,  but  where  best  exposed  they  dip  to  the  southwest. 

It  forms  a  broad  belt  extending  a  little  west  of  north  from  the  lower 
slope  of  Grizzly  Mountains  across  the  western  slope  of  Mount  Jura 
to  North  Arm  of  Indian  Valley.  The  south  half  of  the  belt  is  narrow, 
but  the  north  half  is  wide  and  irregular. 

Relation  to  adjacent  forrnatiojis  and  age, — Along  the  west  slope  of 
Moimt  Jura  at  a  number  of  jxunts  the  Fant  meta-augite  andesite  con- 
tains included  fragments  of  the  adjacent  Hardgravo  sandstone,  so 
there  is  no  reasonable  doubt  that  the  meta-augite  andesite  is  younger 
than  the  Hardgrave  sandstone,  though  in  the  overturning  of  the 
Jurassic  strata  on  Mount  Jura  the  Hardgrave  sandstone  was  ])lace(l 
on  top  of  the  meta-andesite. 

On  the  other  hand,  this  overturning  of  the  Jura.ssic  rocks  has 
brought  the  meta-andesite  on  top  of  tlie  Thompson  limestone.  At 
both  the  north  and  the  south  end  of  Mount  Jura,  as  well  a.s  (m  its 
western  slope  directly  south  and  southwest  of  the  summit,  the  Fant 
meta-andesite  lies  between  the  Hardgrave  sandstone  and  the  Thomp- 
son limestone,  and  wliile  it  contains  fragments  of  the  former  the 
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contact  with  the  latter  is  such  as  to  show  the  deposition  of  the  Ume- 
stone  on  the  meta-andesite.  This  portion  of  the  ineta-andesite  is  of 
volcanic  effusion  during  the  early  Jurassic  in  the  interval  between  the 
deposition  of  the  Hardgrave  sandstone  and  the  Thompson  limestone. 

HULL  META-ANDESITE. 

General  description. — This  greenish  to  reddish  meta-andesite  is  like 
the  Fant  meta-andesite  just  described,  though  the  fragmental  phase 
and  the  porphyritic  phase  rich  in  feldspar  phenocrysts  are  relatively 
not  so  abundant.  The  prevaiUng  type  is  greenish  and  essentially  non- 
j)orphyritic,  and  occasionally  in  the  Little  Grizzly  Creek  region  it  is 
decidedly  amygdaloidal. 

The  rock  in  general  is  only  partially  crystalline  and  is  made  up 
essentially  of  plagioclase  and  augite  or  their  alteration  products, 
cliiefly  epidote,  chlorite,  and  some  quartz.  In  a  few  cases  it  was 
found  wholly  cr\"stalline,  with  the  angular  spaces  between  the  crystals 
of  plagioclase  filled  with  augite  and  magnetite  as  in  diabase.  In  a  few 
cases  also,  es})ecially  in  the  dikes  cutting  the  metarhyolite,  it  con- 
tains primar}"  granular  quartz  in  the  groimdmass  as  in  the  quartz- 
augite  diorites. 

Occurrence  and  distribution. — ^Much  of  it  is  in  more  or  less  well- 
defined  sheets  representing  lava  flows  and  tuff  and  is  exposed  in  the 
neighborhood  of  Little  Grizzly  Creek,  where  the  older  rocks  are 
generally  covered.  The  mass  which  splits  the  belt  of  Peale  beds 
southeast  of  Genesee  is  intruded  between  the  strata.  North  of  Indian 
Creek  the  mass  narrows  and  becomes  dikelike.  It  is  decidedly  slaty 
and  near  the  divide  cuts  across  the  belt  of  Peale  beds  as  well  as  the 
later  formations  to  the  east.  More  definite  dikehke  masses  occur  on 
the  north  and  south  slopes  of  Mount  Jura,  and  it  is  possible  that  it 
occurs  also  as  dikes  within  the  area  marked  as  Fant  meta-augite 
andositc  but  was  not  recognized.  Definite  dikes  occur  also  cutting 
tlic  metarhyolite  and  sedimentar}^  rocks  just  north  of  Tower  Rock 
and  elsewhere  along  the  slopes  of  Grizzly  Mountains. 

Relation  to  adjacent  formations  and  age. — The  fact  that  it  penetrates 
tlie  Mormon  sandstone,  and  es])ecially  also  the  Foreman  beds  north- 
east of  Mount  Jura,  indicates  that  its  eruption  took  place  after  the 
dej)osition  of  tlie  Foreman  formation  and  most  likely  near  the  close 
of  tlio  Jurassic. 

LATE  jmAssic  oil  p:arly  cretaceous. 

SKliPK.NTIXK. 

General  descrijHioti. — Mucli  of  tlie  material  included  under  this 
designation  is  typical  green  sorj)eiitine  which  readily  splits  up  into 
slickensided  lenticular  ])ieces,  but  it  contains  nodules  and  large 
masses  of  a  prevailingly  dark  rock  with  the  texture  of  granite  but 
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exceedingly  tough.  This  nyck  is  enveloped  and  permeated  with 
serpentine  and  shows  the  rock  from  whicli  the  serpentine  was  derived 
bj'  alteration.  It  varies  greatly  in  composition.  The  most  abim- 
dant  form  is  composed  almost  wholly  of  a  light-colored  pjToxene 
with  a  small  amomit  of  dark-green  hornblende.  Occasionally  the 
hornblende  increases  and  plagioclase  appears,  so  that  the  rock  passes 
into  phases  related  to  gabbro  or  diorite,  though  it  is  for  the  most  i)art 
a  pyroxenite.  Serpentine  is  frequently  derived  from  peridotite — 
that  is,  a  rock  rich  in  olivine — but  in  the  serpentines  of  the  Taylors- 
ville  region  no  definite  trace  of  olivine  was  found. 

Distribution,  relatian  to  other  rocks,  and  age, — The  serpentine  of  the 
Taylorsville  region  occurs  in  irregular  stocks  like  that  of  Grizzly 
Mountains  and  Round  Valley  Reserv^oir,  but  may  be  elongated  like 
that  of  Montgomery  Creek  or  run  out  into  long,  narrow  dikes  like 
those  of  the  east  slope  of  Grizzly  Mountains,  The  serpentine  inter- 
sects the  metarhyoUte  of  Grizzly  Mountains  and  all  the  Paleozoic 
rocks  with  which  it  is  associated  in  the  Taylorsville  region,  but  does 
not  come  in  contact  with  later  sediments.  On  the  other  hand,  the 
serpentine  is  cut  by  quartz  diorite  and  dikes  of  the  later  rhyolite, 
and  belongs  among  the  first  eruptions  of  the  late  Jurassic  or  early 
Cretaceous. 

GRANODIORITK. 

General  description. — The  rock  included  under  this  head  is  a  light- 
colored  and  for  the  most  part  medium-grained  rock  wliich  looks  like 
granite.  It  is  composed  chiefly  of  plagioclase  feldspar  and  quartz, 
with  a  small  amount  of  dark-green  liornblende  and  black  mica  and  a 
trace  of  orthoclase,  magnetite,  pyroxene,  and  other  accessor}^  min- 
erals. One  of  the  best  ex])osures  of  this  rock  is  by  the  road  near 
Floumoy's,  at  the  head  of  Genesee  Valley.  At  diflerent  localities 
the  relative  proportions  of  the  minerals  named  above  vary  greatly. 
The  rock  is  generally  quartz  diorite,  but  locally  the  orthoclase  may 
increase  and  the  rock  passes  into  granodiorite.  Pyroxene  occasion- 
ally becomes  prominent  near  the  borders  of  the  mass  and  the  rock 
passes  into  quartz-pyroxene  diorite,  a  good  example  of  whicli  occurs 
on  the  Cosmopolitan  mine  road,  2  miles  west  of  Floiirnoy's.  The 
abundance  of  pyroxene  and  the  almost  complete  absence  of  quartz 
gives  this  finer  grained  rock  a  darker  color  than  that  of  Fl()lmloy^s. 
Another  variation  which  is  ])eculiar  in  containing  tourmaline  occurs 
south  of  Moonlight.  It  is  dark  colored  and  fine  grained,  with  con- 
siderable quartz  and  much  hornblende,  sometimes  grou])ed  so  as  to 
make  the  rock  dark  spotted.  The  dark-brown  tourmaline  is  not 
prominent  in  the  hand  specimen  l)ut  becomes.so  in  thin  section,  where 
the  crystals  are  seen  to  be  grouped  with  radial  arrangenuMit. 

Occurrence  and  distribution.— The  ([iiartz  diorite  and  granodiorite 
which  form  the  bulk  of  the  north  end  of  the  Sierra  Nevada  east  and 
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northeast  of  Genesee  Valley  are  part  of  the  great  mass  of  the  range 
farther  soutli.  Their  apparently  irregular  distribution  is  due  to  the 
partial  cover  of  Tertiary  volcanics.  Near  ihe  head  of  Mountain 
Meadows  is  a  mass  of  quartz  diorite,  which  is  separated  into  several 
areas  by  auriferous  gravel.  It  is  rich  in  quartz  and  hornblende,  and 
fnie  grained  like  that  along  the  western  border  of  the  great  mass 
about  Lights  Canyon.  Several  isolated  dikelike  masses  occur,  one 
along  Houghs  Creek  southwest  of  Taylorsville,  between  the  Taylorsville 
and  Arlington  formations,  and  another  northeast  of  Crescent  Mills, 
where  it  cuts  metarhyoUte.  A  small  round  mass  cuts  the  serpentine 
southwest  of  Greenville,  and  a  similar  but  smaller  mass  occurs  near 
the  fortieth  parallel  in  the  Kettle  meta-andesite. 

Rdation  to  adjacent  formations  and  age. — On  the  north  side  of 
G(»nesee  Valley  the  (luartz  diorite  comes  in  contact  with  the  Swear- 
inger  slate,  the  Trail  formation,  and  the  Kettle  meta-andesite.  Along 
the  contact  the  quartz  diorite  has  locally  converted  adjacent  portions 
of  all  these  formations  into  dark  flinty  homfels,  which  is  abundant  in 
places  along  the  crest  of  Homfels  Point.  Wliile  it  is  certain  that  the 
irruption  of  the  quartz  diorite  took  place  after  the  deposition  of  the 
Trail  formation,  its  relation  to  the  other  Jurassic  formations  in  the 
Taylorsville  region  could  not  be  determined.  In  the  Downieville 
region,  however,  Turner  has  shown  that  the  irruption  occurred  after 
the  (lej)()siti(m  of  the  Milton  formation,  which  is  equivalent  to  at 
least  part  of  the  Taylorsville  Jurassic. 

As  to  its  neighboring  igneous  rock,  the  quartz  diorite  is  clearly 
younger  than  the  Kettle  meta-andesite  and  the  metarhyoUte  which  it 
intersects,  but  in  the  canyon  north  of  Round  Yalley  Reservoir  it  is 
cut  b}'  (lioritic  dikes,  which  must  be  considered  the  younger. 

VARIOrS  DIKE  ROCKS. 

(reneral  description. — The  most  common  dike  rock  varies  in  color 
fi-om  light  gray  to  pale  green  and  reddish  brown.  Small  phenocrysts 
of  (juartz  are  always  present,  but  it  is  rarely  porphyritic,  except  in 
the  reddish-brown  form,  which  is  full  of  phenocrysts  of  feldspar.  It 
is  rliyolite,  but  lacks  entirely  the  brecciat<?d  feature  which  is  so  gen- 
erally prominent  in  tlie  metarhyolite,  and  in  but  few  localities  does 
it  show  fluidal  structure. 

Anotlier  form,  which  lias  no  quartz  phenocrysts  and  looks  much 
loss  siliceous,  is  made  up  almost  wholly  of  jJagioclase  and  green 
h<)rnl)len<lo.  It  is  a  iine-graincnl  greenish  diorite.  The  occurrence 
and  distribution  of  tlic  rhyolite  will  be  considered  first  and  then  that 
of  tlie  diorite. 

Occurrence  and  distribution. — The  forms  are  distinct  dikes  and 
small  circular  or  angular  patches.  One  and  a  half  inile^s  west  of 
Greenville  there  are  a  number  of  dikes  running  a  little  west  of  north 
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through  a  small  area  of  banded  slates  belonging  to  the  Taylorsvillo 
formation.  The  largest  of  the  dikes  is  about  75  feet  in  width,  but 
could  not  be  traced  more  than  a  mile  along  the  strike. 

From  Round  Valley  Reservoir,  about  one-third  of  the  way  dowTi 
North  Canyon  to  Greenville,  the  granitic  rock  is  intersected  by  a 
dikeUke  mass  of  rhyolite  nearly  100  feet  in  width.  It  forms  promi- 
nent cUflFs  and  faUs  along  the  stream.  Just  below  the  Phoenix  Mill 
the  dike  strikes  nearly  east  and  west.  Locally  the  rock  looks  like  a 
microgranite,  and  under  the  microscope  shows  remarkable  grapliic 
intergrowths  of  quartz  and  feldspar. 

A  mile  and  a  half  west  of  Taylorsville  there  are  four  dikes  and 
irregular  patches  of  rhyoUte  apparently  cutting  the  meta-augite 
andesite  and  Taylorsville  formation,  while  2  miles  south  of  Taylors- 
ville distinct  dikes  of  rhyolite  occur  in  serpentine. 

On  the  west  slope  of  Mount  Jura  there  are  a  number  of  small  masses 
of  rhyoUte.  Those  associated  with  small  areas  of  Ilardgrave  sand- 
stone have  been  derived  by  faulting  from  the  large  mass  to  the  west, 
but  some  of  the  others  appear  to  be  intrusive  in  the  meta-andesite. 
The  most  distinctive  mass,  nearly  circular  in  outline,  occurs  about  a 
mile  southwest  of  the  summit  of  Mount  Jura.  The  rock  is  reddish 
brown  in  color  and  decidedly  porphyriti(»,  with  many  small  crystals 
of  feldspar  and  quartz.  The  quartz  is  rounded  and  embayed,  and 
the  feldspar  is  at  least  in  part  plagioclase  and  generally  much  altered. 
Microscopic  traces  of  altered  hornblende  are  scattered  through  the 
groundmass.  The  relations  of  tliis  mass  to  the  adjacent  meta- 
andesite  were  not  clearly  made  out,  but  it  is  believed  that  the 
rhyoUte  penetrates  the  meta-andesite. 

A  short  distance  farther  south  is  a  dikelike  mass  of  rhyolite  nearly 
a  mile  in  length.  The  rock  is  greenish  and  nonporphyritic,  like  tlie 
dikes  in  the  serpentine,  and  appears  to  hold  the  same  relation  to  the 
meta-andesite  as  the  porphyritic  type  just  noted. 

Half  a  mile  northwest  of  the  summit  of  Moimt  Jura  is  a  mass  of 
rhyolite  cutting  across  a  belt  of  meta-andesite  that  intersects  the 
Mormon  sandstone,  and  near  the  center  of  section  24,  2\  miles  north- 
east of  Taylorsville,  is  a  small  mass  lying  between  the  ^lormon  sand- 
stone and  meta-andesite.  A  third  mass,  about  a  mile  nortli  10°  east 
from  the  summit  of  Mount  Jura,  penetrates  iho  Foreman  l)e(ls.  All 
three  masses  are  long  and  narrow  and  appear  to  l)e  dikes,  but  on  the 
divide  east  of  Mount  Jura,  at  the  head  of  Ilinchman  Kavinc,  is  another 
circular  mass  similar  to  that  on  the  west  slope  of  Mount  Jura.  It 
penetrates  the  Peale  formation  of  Carbonif(Tous  age  as  w(»ll  as  the 
associated  meta-andesite,  and  is  remarkable  locally  on  account  of  its 
distinct  fluidal  structure.  A  similar  mass,  holding  essentially  the 
same  relations  to  adjacent  rocks,  occurs  on  Little  Grizzly  Creek  near 
the  fortieth  parallel. 
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The  dikes  of  diorite  were  noted  in  the  canyon  north  of  Round 
Valley  Reservoir.  They  are  vertical,  range  from  5  to  10  feet  in 
width,  strike  nearly  north  and  south,  and  cut  directly  through  the 
hghter-colored,  coarser-grained  granitic  rock.  Their  relation  to  the 
dike  of  rhyolite  in  that  vicinity  was  not  satisfactorily  detennined. 

Relation  to  adjacent  formations, — In  considering  their  occurrence 
and  distribution  the  relations  of  the  rhyohte  and  diorite  dikes  to 
adjoining  rocks  in  each  locaUty  were  brought  out,  and  they  appear  to 
intersect  sediments  belonging  to  Silurian,  Devonian,  Carboniferous, 
and  Jurassic  formations,  as  well  as  meta-andesite,  serpentine,  and 
granodiorite  among  igneous  rocks.  They  are  evidently  of  late 
Jurassic  or  early  Cretaceous  intrusion.  This  relation  to  sedimentary 
and  igneous  rocks  distinguishes  the  rhyohte  dikes  from  the  meta- 
rhyohte,  which  is  of  early  Paleozoic  volcanic  effusion. 

MIOCENE. 
RHYOLITE. 

General  description. — Rhyolite  is  a  siliceous  lava,  generally  Ught 
colored  or  brownish  and  more  or  less  porphyritic,  with  grains  ol 
quartz  and  sometimes  with  scattered  crystals  of  feldspar  or  biotite. 
All  of  these  forms  occur  in  the  Taylorsville  region  in  the  small  areas 
on  the  ridge  west  of  Shoo  Fly  and  half  a  mile  south  of  Greenville. 
Perhaps  the  most  definite  rhyolite  masses  of  the  Taylorsville  region 
are  tuffs  wliich  occur  in  the  auriferous  gravels  near  the  head  of  Wil- 
lards  (-reek,  10  miles  southwest  of  Susanville.  They  are  grayish 
wliite  and  composed  almost  wholly  of  splinters  and  pumiceous  frag- 
ments of  volcanic  glass.  The  following  chemical  analysis  of  it  was 
made  years  ago  l)y  George  Steiger  and  published  in  United  States 
Geological  Survey  Bulletin  No.  228,  page  211: 

Analysis  of  rhyoli tic  tujf from  W  illards  Creek,  near  Susanville j  Cat, 

SiO, 70.01     K,0 5.12 

Al.O, 12.61  I  ILOatlOO° 2.37 

Fe.O. 1-47  I  11,0  above  100° 4.68 

FeO 50  I  TJ), 04 

Mi:<) 72  !  MnO Trace. 

CaO 1. 00  

Xa.O l.!M  100.52 

D'hstrihufion  and  relations. — On  the  ridge  west  of  Shoo  Fly  are  two 
small  areas  of  rhyolite.  They  difFer  .somewhat  in  color,  yet  possibly 
Ix^loiii::  to  the  same  (low.  At  the  southern  locaHty  the  rhyolite  appar- 
ently overlies  gravel  and  is  it.s(»lf  overlain  l)y  a  flow  of  basalt. 

South  of  Greenville  is  a  small  ma.ss  elongated  nearU^  north  and 
south  and  not  far  from  the  course  of  the  line  wliich  connects  the  other 
two  (lei ached  mas.ses.  It  is  ])ossrl)le,  hut  not  probable,  that  all  these 
small  ma.sses  are  remnants  of  the  same  flow. 
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Some  rocks  which  inay  be  rhyolitic  were  noted  during  a  reconnais- 
sance along  the  road  in  Last  Chance  Valley  and  on  the  eastern  crest 
between  the  road  and  McKesick  Peak.  The  rock  is  generally  tuffa- 
ceous,  coarser  than  that  already  noted,  and  not  clearly  rhyolitic. 
It  lies  directly  on  the  granodiorite  and  is  overlain  by  basaltic  flows. 

South  of  the  fortieth  parallel,  in  the  region  mapped  by  Lindgren 
and  Turner,  rhyoUte  and  rhyoUtic  tuff  are  more  abundant,  and  they 
directly  overlie  the  earUer  auriferous  gravel.  The  same  horizon  is 
probably  represented  by  the  rhyolitic  tuff  on  Willards  Creek,  which, 
on  account  of  the  smallness  of  the  area,  is  included  on  the  map 
(PI.  11)  in  the  auriferous  gravels. 

PLIOCENE. 
ANDESITE. 

-*  General  description, — ^Andesite  is  a  lava,  usually  light  gray,  which, 
though  not  generally  porphyritic  in  the  hand  specimen,  becomes  more 
or  less  clearly  so  in  thin  section.  Crystals  of  plagioclase  are  numer- 
ous; those  of  hornblende,  biotite,  and  pyroxene  are  somewhat  less 
abundant  but  in  various  proportions.  The  felty  dark  gray  ground- 
mass  inclosing  the  phenocrysts  contains  many  minute  microlites  of 
feldspar  and  black  grains  of  magnetite  in  a  light-bro^\^l  glassy  base. 

In  some  cases  the  hornblende  phenocrysts  are  abundant,  sur- 
rounded by  dark  borders,  and  the  rock  is  a  typical  hornblende  andes- 
ite.  In  other  cases  hornblende  is  practically  absent  and  pyroxene 
is  the  characterizing  mineral.  All  these  forms  are  generally  accom- 
panied by  a  great  deal  of  andesitic  breccia  and  tuff  from  explosive 
volcanic  action. 

Occurrence  and  distribution. — It  occurs  in  sheets,  f onning  a  blanket 
covering  the  older  rocks  around  the  volcanic  vent  from  which  the 
flows  and  ejected  material  issued.  There  were  many  vents,  and  the 
cover  was  continuous  over  a  large  part  of  the  region.  Erosion  has 
removed  the  cover  in  places  and  loft  isolated  patches,  sometimes 
revealing  the  volcanic  necks  tlu*ough  wliich  the  material  reached  the 
surface.  This  is  especially  the  case  in  Lone  Rock,  which  is  a  con- 
spicuous peak  surrounded  by  chffs.  A  less  conspicuous  example 
occurs  in  Indian  Creek,  between  Lone  Rock  and  Tliompson  Peak. 
Both  of  these  masses  are  of  hornblende  andesite,  closely  related  to 
that  north  of  Kettle  Rock,  as  well  as  the  isolated  ])atches  near  Hos- 
selkus  Valley,  on  Homfels  Point,  and  on  the  divide  at  the  head  of 
Foremans  Ravine. 

The  andesite  by  the  chalybeate  soda  spring  near  Arlington  Bridge 
is  black  and  breaks  with  very  irregular  fracture.  It  is  slightly  por- 
phyritic with  crystals  of  plagioclase  embedded  in  a  groundmass  full 
of  small  lathnshaped  feldspars  with  grains  of  aiigite  embedded  in  a 
dark  globulitic  base.     The  lava  came  down  from  the  slope  a  short 
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distance  south.  The  andesite  overlying  the  gravel  a  mile  northeast 
of  Greenville  is  much  richer  in  augite  and  poorer  in  amorphous  matter 
than  that  of  the  Arlington  spring.  Its  source  is  not  definitely"  known, 
but  it  probably  issued  from  ^  vent  at  the  southeast  end  of  the 
exposure. 

The  large  continuous  sheet  of  volcanic  rocks  along  the  fortieth 
parallel,  about  the  heads  of  Squaw  and  Last  Chance  creeks,  is  in  part 
homl)lende  andesite,  with  some  pyroxene  andesite  and  a  smaller  pro- 
portion of  basalt  and  rhyolite  which  has  not  been  mapped  separately. 

The  andesitic  tuff  and  breccia  which  fonn  Diamond  Mountain  are 
full  of  black-bordered  hornblende,  but  in  Red  Mountain  the  horn- 
blende has  largely  disappeared  and  the  prevailing  ferromagnesian 
silicate  is  pyroxene. 

The  area  between  Moonlight  and  Mountain  meadows  is  mainly 
h()m])londe  andesite  on  the  eastern  side  and  pyroxene  andesite  on  the 
western  slope,  though  the  two  are  intermingled.  The  same  is  true  of 
the  Cheney  Creek  area  and  the  small  area  north  of  Nanney,  but  the 
larger  mass  which  forms  the  end  of  tliis  part  of  the  Sierra  Nevada  is 
almost  wholly  pyroxene  andesite. 

North  and  east  of  Susan  Creek  much  of  the  country  has  not  been 
seen.  A  general  recoimaissance  was  made  by  J.  Stanley-BrowTi  in 
ISOO.  Hot  Springs  Peak,  an  old  volcano,  was  visited  and  is  kno^^n 
to  be  andesite,  though  the  rocks  about  its  north  base  a-re  basalt. 
Shafl'er  Peak  is  supposed  to  be  of  the  same  character. 

Relation  to  adjacent  formations  and  a^e, — North  of  Kettle  Rock, 
al)()ut  the  liead  of  one  of  the  tributaries  to  lights  Creek,  the  andesitic 
l)ro('cia  oA^erlies  auriferous  gravel,  and  the  same  is  true  north  of  Moon- 
light, where  tlu^  auriferous  gravel,  fu-mly  cemented,  dips  westerly 
beneath  the  andesites  which  form  the  crest.  The  andesites  and 
andesitic  ])reccias  in  the  Taylorsville  region,  like  those  of  other  por- 
tions of  the  Sierra  Nevada,  overlie  the  earlier  auriferous  gravels. 

Tlie  earlier  auriferous  gravels  contain  many  pebbles  of  igneous  rocks 
deprived  in  large  measure  from  the  Paleozoic  and  Mesozoic  lavas 
already  described,  wliich  are  so  widely  distributed  about  the  north 
end  of  the  Sierra  Nevada.  The  early  gravels  contain  also  some  frag- 
ments of  lava  which  appear  less  altered  than  those  just  referred  to, 
but  exposures  of  such  lavas  were  not  defmitely  recognized  and  dis- 
tini!:uisli(Ml  from  the  Tertiary  lavas  which  overlie  the  older  gravels. 

On  the  other  hand,  as  explained  under  ^^Auriferous  gravels,''  the 
later  <iTavels  overlie  andesitic  flows  and  are  composed  in  some  ca^s 
almost  wholly  of  andesitic  pel)hles.  It  seems  evident,  therefore,  that 
the  (»ni])ti()ns  of  andesite*  occurred  within  the  gravel  period,  overflow- 
ing the  earli(*r  gi'avels  and  furnishing  the  material  for  the  later  gravels. 
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QFATERXART. 
BASALT. 

General  description. — Basalt  is  lava  which  is  jronorally  darkor  col- 
ored, more  compact,  and  heavier  than  andcsito,  and.  though  not 
plainly  porphyritic,  yet,  unlike  the  andesite,  it  fnH|nontly  contains 
visible  grains  of  yellowish-green  olivine.  In  thin  stM*tion  it  is  sivn 
to  be  composed  chiefly  of  plagioclase  and  augite  and  a  smaller  pnv 
portion  of  olivine  and  magnetite.  The  dark-gray  forms  aix>  hoUv- 
ciystalline,  but  the  darker,  compact  ones  have,  Wsidos  the  mon*  or 
less  abundant  crystals  of  plagioclase,  much  black  amoq^hous  matter 
instead  of  augite. 

Occurrence  and  distribution, — Basalt  is  somewliat  less  abundant 
than  andesite  in  the  Taylorsville  region.  Like  andesite,  it  o(»curs 
generally  in  flows  about  a  volcanic  vent.  Mount  Ingalls,  just  south 
of  the  fortieth  parallel,  is  a  large  volcano  built  u]>  almost  wholly  of 
basalt.  Turner  has  shown  in  the  Dowiiieville  folio  that  Mount  lu- 
galls  is  made  up  of  earlier  and  later  basalts,  separated  at  least  in  j)art 
by  a  mass  of  andesitic  tuff.  The  later  btisalt  forms  the  bulk  of  the 
mountain  and  extends  north  over  the  quartz  diorite  to  near  ( i(MU\s(»e 
Valley.  It  is  dark  gray,  holocrystalline,  and  rich  in  augit(\  Tlu» 
earlier  basalt  appears  along  the  road  south  of  Flournoy's.  It  is 
black  and  compact  and  contains  much  amorphous  matter.  At  this 
point  the  two  basalts  are  not  separated  by  andesite^  and  th(\v  are  not. 
distinguished  on  the  map  of  the  Taylorsville  region  for  the  hmisou 
that  the  subdivision  of  earlier  and  later  can  not  ho  ap])lied  throughout 
the  region.  For  example,  the  youngest  basalt  of  th(»  r(»gion  is  a  flow 
which  followed  Susan  Creek  for  miles.  It  is  later  (»ven  than  th<'  later 
basalt  of  Mount  Ingalls  and  yet  most  like  the*  older  basalt. 

One  of  the  finest  exposures  of  basalt  in  th(»  region  occurs  at  Thornj)- 
son  Peak,  opposite  Janesville.  The  eastern  slojx*  of  T}ionii)S()n  Peak 
is  a  steep  bluff  exposing  a  succession  of  basalts  and  tuffs  in  layers 
from  5  to  30  feet  thick  dipping  gently  to  i]w  southwest.  The  ex- 
posed thickness  is  apparenth'  about  1,200  f(*et,  and  th(^  lower  flow- 
in  contact  with  the  quartz  diorite  is  very  dark  and  compact,  like  the; 
earlier  basalt  of  Mount  Ingalls.  Houu*  of  the  sueceerjin^'  layers  nre 
vesicular,  rich  in  olivine  and  much  black  globulitie.  ha.-^*  instead  nf 
augite.  The  summit  of  Thompson  Peak  is  of  holoerystalline  ha-alt, 
with  considerable  olivine,  but  rich  in  aujrite  r^ecupying  the  auifulnr 
spaces  between  the  lath-shaped  crystals  of  phi<rioehj-e. 

Beneath  Thompson  Peak,  on  the  slope  toward  Janesville,  there 
are  numerous  dikes  of  basalt  cutting  the  diorite.  Some  run  nearly 
parallel  with  the  crest  of  the  range,  and  others  in  various  directjr^ns, 
as  if  Thompson  Peak  were  a  volcanic  center  frouj  which  tliey  radiated. 
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A  number  of  small 
areas  of  basalt  occur  on 
the  steep  slope  of  the 
Sierra  Nevada  north  of 
Thompson  Peak,  but  the 
most  interesting  area  is 
a  small  one  on  the  very 
crest,  a  short  distance 
south  of  Diamond  Moun- 
tain. This  little  mass, 
not  a  hundred  yards  long 
east  and  west,  lies  nearly 
flat  across  the  crest  and 
ends  ina  bluff  on  theeast. 
It  is  somewhat  amygda- 
loidal,  with  definite  flow 
structure  from  the  east, 
and  in  this  respect  agrees 
with  the  flow  structure 
seen  in  some  of  the  flows 
exposed  on  the  northeast 
slope  of  Thompson  Peak. 

The  largest  area  of  ba- 
salt is  that  which  sur- 
rounds and  covers  the 
end  of  the  range  north 
of  Mountain  Meadows 
and  in  succeeding  flows 
descends  the  valley  of 
Susan  Creek.  It  is  part 
of  the  great  flow  which 
comes  from  the  region  of 
Lassen  Peak.  There  may 
bo  other  large  areas  of 
basalt  east  and  southeast 
of  Susanville,  but  the 
hasty  reconnaissance  of 
that  region  by  J.  Stanley- 
BroNMi  did  not  permit 
ihoir  detailed  separation 
from  the  andesites. 

As  already  stated,  the 
latest  basalt  flow  of  the 
'rayK)rs\nlle  region  is  that 
which  follows  the  course 
of  Susan  Creek.     Others 
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have  followed  watercourses,  but  their  preservation  is  far  less  complete. 
Remnants  of  successive  flows  widely  separated  in  time  occur  in  t  he  Shi>o 
Fly  region.  On  the  crest  of  the  spur  west  of  Shoo  Fly  are  two  rem- 
nants of  an  old  basalt  flow  in  part  covering  rhyolite.  At  several 
lower  levels  are  lava-capped  benches  which  are  remnants  of  successive 
flows  that  have  occupied  the  bed  of  Indian  Creek  and  been  almost 
wholly  removed  by  erosion. 

STRUCTURE. 
GENERAL   STATEMENT. 

The  general  structure  of  the  Taylorsville  region,  as  f;\r  as  its  sedi- 
mentary rocks  are  concerned,  is  sho^^^l  in  the  accompanying  (meas- 
ured) section  (fig.  11),  which  represents  a  tract  17  miles  in  length. 
Beginning  on  the  southwest,  at  an  elevation  of  3,100  feet  on  Spanish 
Creek,  it  crosses  Houghs  Peak  at  7,254  feet,  and  reaches  Indian 
Creek,  IJ  miles  above  Taylorsville,  at  an  altitude  of  3,500  feet.  Con- 
tinuing in  the  same  course,  it  crosses  Mount  Jura  at  6,000  feet  about 
one-third  of  a  mile  south  of  the  summit.  The  upper  portion  of 
Hinchman  Ravine  and  other  small  ra^^nes  are  crossed  to  reach  Hos- 
selkus  Creek,  2}  miles  above  Genesee,  at  an  elevation  of  4,050  feet. 
Thence  the  section  passes  over  the  northern  portion  of  Homfels 
Point  at  an  elevation  of  6,500  feet  and  skirts  along  the  top  of  the 
southern  slope  of  the  moimtain,  whose  simMnit  is  3  miles  directly  north 
of  Floumoy's. 

The  strike  of  the  rocks  throughout  the  region  is  N.  5°  to  65°  W., 
and  the  dip,  with  rare  exceptions  in  the  Shoo  Fly  and  Foreman  forma- 
tions, is  toward  the  southwest  at  angles  varying  from  39°  to  75°. 

The  region  traversed  by  the  section  may  be  di\4de(l  into  three 
belts:  (1)  The  Mount  Jura  or  middle  belt,  characterized  by  over- 
turned strata;  (2)  the  Grizzly  Mountains  or  west  belt,  in  which  the 
strata  are  not  overturned;  and  (3)  the  east  belt,  of  diorite,  which 
forms  the  eastern  part  of  the  range. 

MOUNT   jmA    BELT. 

The  Jurassic  strata  of  Mount  Jura  liave  boon  completely  over- 
turned. Their  general  dip  is  to  the  southwest.  Tlio  Ilanlgravo 
sandstone  lies  on  top,  with  the  Thom])son  liniostono,  Mormon  sand- 
stone, Bicknell  sandstone,  Ilinchman  tiifT,  and  FonMnan  hods  in  a 
descending  but  successively  younger  sorios  di])])ing  bonoath  the  Hard- 
grave  sandstone.  This  order  of  supor])osition  is  \\o\\  exposed  on  the 
west  slope  of  Mount  Jura,  and  also  on  tlio  slo])o  toward  Ilincliman 
Ravine.  The  formations  are  all  well  cliaracterizod  by  fossils.  As 
there  can  be  no  question  concerning  tlieir  relative  ago  dotorininod  by 
Professor  Hyatt,  it  is  evident  that  they  have  boon  overturned. 

50007— Bull.  353—08 7 
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The  overturning  involves  also  the  Triassic  and  Carboniferous  strata 
east  of  Mount  Jura  on  Hosselkus  Creek,  where  the  Trail  beds  of  the 
Jurassic  dip  beneath  the  Swearinger  slate  and  Hosselkus  limestone  of 
Triassic  age,  and  these  in  turn  dip  beneath  the  Robinson  formation 
of  Carboniferous  age. 

The  belt  of  overturned  strata,  embracing  those  of  Mount  Jura, 
after  which  the  belt  is  named,  and  the  country  to  the  east  as  far  as 
Homfels  Point,  is  6  miles  in  width.  The  strata  involved  have  a  thick- 
ness of  about  9,000  feet.  All  of  the  strata  in  this  belt  are  overturned 
toward  the  northeast,  and  this  is  evidently  the  result  of  a  great 
thrust  from  the  southwest. 

GRIZZLY   MOUNTAINS   BELT. 

The  Grizzly  Mountains  belt  of  strata,  lying  southwest  of  Indian 
(^reek,  is  over  12  miles  in  width  in  the  Taylorsville  region  and  extends 
beyond  its  limits.  The  oldest  strata,  those  of  the  Grizzly  formation, 
are  Silurian,  and  they  dip  to  the  southwest.  They  are  overlain  in 
regular  succession  by  the  Montgomery  limestone,  Taylorsville  forma- 
tion, and  Arlington  beds,  all  Paleozoic,  and  also  by  a  great  mass 
of  interbedded  volcanics,  succeeded  by  the  Shoo  Fly  formation  of 
Carboniferous  age.  The  whole  mass  has  a  thickness  of  over  14,000 
fe^t.  The  dip  between  Indian  Creek  and  Houghs  Peak  is  not  over 
45°,  but  west  of  the  volcanics,  in  the  Shoo  Fly  formation,  the  dip  is 
increased  and  may  be  reversed  to  a  limited  extent  by  local  causes. 
On  the  whole,  this  belt  is  strongly  contrasted  with  that  of  Moimt 
Jura  in  that  the  sedimentary  rocks  of  the  Grizzly  Mountains  belt  are 
older  than  the  middle  Carboniferous,  are  oxdy  moderately  disturbed, 
and  occur  in  regular  succession,  while  those  of  the  Mount  Jura  belt 
are  all  younger  and  much  disturbed  with  interrupted  succession. 

GRIZZLY   MOUNTAINS   ANTICLINE. 

The  Grizzly  Mountains  belt  of  strata  dipping  to  the  southwest 
ai)j)ears  to  be  one  arm  of  an  anticline  of  which  the  other  arm  has 
disappeared.  The  anticline  was  overturned  toward  the  northeast  by 
thrust  from  the  southwest.  Continued  thrusts  broke  the  arch  and 
^avo  rise  to  an  ovcrthrust  fault  on  which  the  southwest  arm  of  the 
anticline  a])pcars  to  have  been  shoved  up  over  the  northeast  arm,  as 
shown  in  the  section  in  fig.  11.  This  movement  and  consequent 
erosion  l>rou<^ht  to  the  surface  the  metarhyolite  upon  which  the 
Ilardgrave  sandstone  was  deposited  in  the  early  Jurassic. 

MOrXT   JI'RA    SYXCLIXE. 

Adjoining  th(^  Grizzly  anticline  upon  the  northeast  is  the  Mount 
Jura  syncline,  a  region  of  subsidence  which  may  have  continued  an 
area  of  deposition  long  after  deposition  ceased  over  the  crest  of  the 
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Grizzly  arch,  and  thus  became  filled  with  strata  which  have  no  equiva- 
lents in  the  Grizzly  arch  or  on  the  southwest  slope  of  the  Sierra 
Nevada. 

The  earliest  evidence  of  this  sort  concerning  the  Mount  Jura 
syncline  is  the  presence  of  the  Robinson  formation,  which  is  the 
latest  Carboniferous  known  in  the  Sierra  Nevada,  and  which  lies 
northeast  of  the  main  crest  of  the  Sierra  Nevada  chiefly  in  the  Mount 
Jura  syncline,  and  indicates  that  the  Mount  Jura  syncline  may  have 
begun  as  early  as  the  Carboniferous.  Later  the  same  region  of 
depression  received  an  extensive  series  of  Triassic  and  Jurasste 
deposits  not  foimd  west  of  the  main  crest  at  the  north  end  of  the 
range. 

The  thrust  from  the  southwest  which  overturned  and  faulted  the 
Grizzly  arch  overturned  the  adjoining  arm  of  the  Moimt  Jura  syn- 
cline. In  Mount  Jura  and  the  country  to  the  east,  including  Ilomf  els 
Point,  there  is  no  repetition  of  strata,  a  feature  which  indicates  that 
all  belong  to  the  southwest  arm  of  the  syncline,  for  all  are  included 
in  the  overturning.  The  relation  of  the  adjoining  portions  of  the 
Grizzly  anticline  and  the  Mount  Jura  syncline,  though  well  exposed 
in  the  Une  of  the  general  section  (fig.  11),  may  be  seen  to  advantage 
2  miles  farther  southeast,  where  several  patches  of  Hardgrave  sand- 
stone occur  on  the  lower  slope  of  Grizzly  Mountains. 

The  structure  of  the  syncline  is  not  as  simple  as  it  was  formerly 
supposed.  The  irregularity  in  the  distribution  of  the  Carboniferous, 
Triassic,  and  Jurassic  within  the  synchne  may  be  attributed  to  the 
folding  of  the  Carboniferous,  and  later  of  the  Triassic,  before  the 
Jurassic  strata  were  deposited. 

The  entire  disappearance  of  the  Jurassic  portion  of  the  eastern 
arm  of  the  syncline  is  most  probably  due,  as  shown  in  the  section,  to  a 
large  amount  of  distributed  thrust  faulting — the  Hull  fault,  that  gave 
rise  to  the  prominent  slaty  structure  in  the  mass  of  Hull  meta-andesite 
which  separates  the  youngest  Jurassic  (1)  from  the  Carboniferous 
(11,  a).  This  igneous  rock  appears  to  have  been  intruded  diagonally 
into  the  syncUne  and  afforded  a  plane  of  easy  displacement  to  relieve 
the  strain  in  that  greatly  compressed  mass. 

TAYLORSVILLE   FAULT. 

The  fault  developed  between  the  Grizzly  ^lountains  arch  and  the 
Mount  Jura  syncline  lies  near  Taylorsville  and  follows  approximately 
the  eastern  border  of  the  metarhyolite  from  the  lower  slope  of  Grizzly 
Mountains  through  the  canyon  of  Indian  Creek  above  Taylorsville 
and  along  the  eastern  slope  of  Keddie  Ridge,  as  indicated  (m  Pi.  III. 
The  metarhyolite  a  mile  northeast  of  Taylorsville  is  greatly  crushed 
and  evidently  marks  the  course  of  the  fault. 
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This  fault  appears  to  have  been  a  line  of  displacement  during  the 
latter  portion  of  the  Carboniferous  and  to  have  aided  in  large  measure 
in  bringing  the  metarhyoUte  to  the  surface,  so  that  in  the  Jurassic 
the  Ilardgrave  sandstone  was  deposited  on  the  same  rock  which 
received  the  Grizzly  quartzite  in  the  Silurian. 

It  was  motion  along  essentially  the  same  narrow  zone  that  folded 
and  overturned  the  strata  in  the  Mount  Jura  syncline.  Of  this  there 
is  proof  in  the  southern  slope  of  Mount  Jura,  where  the  Hardgrave 
sandstone,  Thompson  Umestone,  and  Mormon  sandstone,  with  the 
associated  metarhyoUte  and  Fant  meta-augite  andesite,  are  repeated 
by  a  fault  in  the  same  order  and  position.  This  displacement  fol- 
lowed the  overturning,  for  the  fault  enters  the  overturned  beds  and 
•shoves  them  along  farther  in  the  same  direction. 

The  hade  of  the  Taylorsville  fault  appears  to  be  about  the  same  as 
the  west  slope  of  Mount  Jura,  where  some  faulted  masses  cling  to  the 
slope  dipping  southwest  into  the  base  of  Grizzly  Mountains,  but 
toward  the  summit  of  Mount  Jura  the  fault  plane  enters  the  mountain 
and  passes  through  to  the  other  side,  emerging  at  the  base  of  the 
Mormon  sandstone.  The  faulted  mass  is  over  2  miles  in  length  and 
half  a  mile  in  width,  and  much  lower  at  the  southern  than  at  the 
northern  end. 

The  amount  of  displacement  on  the  Taylorsville  fault  near  the  close 
of  the  Paleozoic  may  have  been  great,  but  no  data  are  available  for 
its  estimation.  As  to  the  post-Jurassic  faulting  along  this  line,  the 
amount  can  be  measured  in  miles,  for  a  large  part  of  the  movement 
was  involved  in  the  overturning,  and  after  the  overturning  was  com- 
plete the  movement  on  the  fault  was  about  a  mile. 

The  Taylorsville  fault  does  not  extend  far  southward.  No  move- 
ment in  its  line  was  detected  by  Turner  south  of  the  fortieth  parallel, 
and  it  is  of  importance  to  note  that  in  the  Downieville  quadrangle  all 
the  Jurassic  strata  lie  east  of  the  axial  line  of  the  Grizzly  anticlinal, 
and  what  is  of  greater  significance  is  that  they  all  dip  to  the  east ;  that 
is,  they  have  not  been  overturned  like  those  of  the  TaylorsviUe  r^on. 

Near  the  fortieth  parallel  an  ancient  stream  bed  of  auriferous  gravel 
crossed  the  line  of  the  fault,  but  has  suffered  little  if  any  dislocation 
at  that  point,  though  elsewhere  in  the  same  region  there  has  been 
extensive  faulting  since  the  gravel  period. 

HULL    FAULT. 

Tlie  Hull  fault  is  a  branch  of  the  Taylorsville  fault  and  circum- 
scribos  the  mass  of  Mount  Jura  on  tlie  east.  It  follows  the  Hull 
meta-andesite  throughout  the  greater  part  of  its  course  from  the 
fortieth  parallel  northwest  to  Nortli  Ann.  The  fault  adjusts  the 
overturned  Jurassic  strata  on  the  west  to  the  Carboniferous  on  the 
east  and  is  expressed  in  the  decided  slaty  structure  of  the  Hull 
meta-andesite. 
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HONEY   LAKE    FAULT. 

In  the  neighborhood  of  Honey  Lake  the  Sierra  Nevada  is  bounded 
on  the  northeast  by  a  prominent  escarpment  due  to  faulting.  The 
escarpment,  about  2,000  feet  in  height,  is  composed  of  quartz  diorite, 
which  is  overlain  on  the  crest  by  auriferous  gravel  with  a  local  capping 
of  andesitic  breccia  in  Diamond  Mountain,  as  illustrated  in  fig.  10. 
Lava  and  gravel  similar  to  those  of  the  summit  are  found  locally  along 
the  foot  of  the  escarpment,  but  in  most  places  they  are  covered  by 
later  deposits.  Following  the  escarpment  northwest  to  Gold  Run, 
where  the  wagon  road  crosses  the  range,  the  gravel  is  found  to  be 
firmly  cemented  and  bent  down  over  the  eastern  slope  of  the  range  so 
as  to  connect  that  of  the  mountain  crest  and  foot.  The  escarpment 
ends  at  this  point  and  the  fault  by  which  it  was  produced  passes  into 
a  monoclinal  fold.  The  fold  continues  to  the  northwest  in  the  old 
lavas  of  the  region  for  about  12  miles  and  then  disappears  beneath 
the  newer  lavas  from  the  vicinity  of  Lassen  Peak. 

From  the  fact  that  the  Honey  Lake  fault  passes  into  a  monoclinal 
fold,  it  is  evidently  a  normal  fault  and  strikingly  unlike  the  Taylors- 
ville  fault.  The  total  displacement  of  the  Honey  Lake  fault  is  at 
least  2,000  feet  and  may  be  somewhat  greater,  and  it  is  clearly  later 
than  the  auriferous  gravels  and  andesitic  flows  of  the  Diamond 
Mountain  region. 

To  the  southeast,  as  shown  in  PI.  I,  the  Honey  Lake  fault  extends 
through  a  portion  of  Long  Valley  into  Nevada,  where  it  apparently 
turns  more  to  the  south  and  possibly  connects  more  or  less  directly 
with  the  main  fault  along  the  east  front  of  the  Sierra  Nevada,  which 
Lindgren  has  traced  as  far  north  as  Reno. 

In  the  Truckee  region  Lindgren  has  recognized  three  faults,  approxi- 
mately parallel.  The  main  fault,  the  one  just  referred  to,  lies  close 
along  the  eastern  front  of  the  range  from  Markleeville  to  Reno.  The 
other  two  (see  PI.  I)  are  farther  west,  one  on  either  side  of  Lake 
Tahoe,  and  bound  the  sunken  area  or  moat,  as  Lindgren «  appropri- 
ately designates  it,  which  extends  as  far  northwest  as  Sierra  Valley. 
East  of  Lake  Tahoe  is  a  prominent  ridge  or  '*  buttress"  which  extends 
up  between  the  Tahoe  moat  and  the  sunken  region  of  the  Great  Basin. 

According  to  Lindgren,  these  faults  were  formed  during  the  early 
Cretaceous.  On  the  eastern  fault  there  was  a  displacement  of  3,000 
feet  in  the  early  Cretaceous,  followed  at  the  close  of  the  Miocene  by  a 
displacement  of  2,000  feet.  This  final  movement  in  all  probability- 
was  contemporaneous  with  the  faulting  along  Hone}-  Lake. 

It  is  probable  that  movements  along  that  fault  have  taken  place 
in  recent  times,  if  earthquakes  may  be  accepted  as  evidence  in  that 
direction.     A  few  years  before  1885  there  were  a  number  of  small 

o  Jour.  Geology,  vol.  4,  lS9fi,  p.  h95. 
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earthquakes  whose  region  of  greatest  intensity  lay  along  the  foot  of 
the  Honey  Lake  escarpment,  particularly  at  Janesville,  where  objects 
were  thrown  from  the  walls  and  mantles  in  dwellings  and  chinmey 
tops  were  overthrown.  Although  the  earthquakes  were  probably  due 
to  slight  movement  along  the  old  fault  plane,  yet  no  fissures  were 
visible  on  the  surface,  as  was  the  case  along  Inyo  Valley  after  the 
great  earthquake  of  1872. 

MOHAWK   VALLEY  FAULT. 

The  fault  along  the  west  side  of  Lake  Tahoe  (PL  I)  Lindgren  has 
traced  northwest  from  Mount  Tallac  by  way  of  Donner  Lake,  Lake 
Independence,  and  Webber  Lake  up  toward  the  southwest  corner  of 
Sierra  Valley  and  Mohawk  Valley,  where  it  has  been  studied  in  detail 
by  Turner,  who  remarks  in  the  Downieville  folio  that — 

The  best  evidence  that  a  great  displacement  has  occurred  here  in  Tertiary  time  con- 
sists of  the  presence  of  river  gravels  on  the  high  plateau  to  the  west.  At  one  point 
about  2  J  miles  northwest  of  Haskell  Peak  there  is  a  heavy  mass  of  well-rounded  gravel 
at  the  very  edge  of  the  escarpment,  and  a  considerable  portion  of  this  mass  has  by 
gravity  traveled  down  the  slope,  so  that  the  apparent  thickneas  of  the  deiK)sit  is  about 
5(K)  feet.  To  the  northeast  and  west  of  Haskell  Peak,  and  also  close  to  the  edge  of  the 
escarpment,  are  smaller  masses  of  sindlar  gravel,  all  of  them  capped  with  rhyolite  and 
all  at  an  elevation  of  about  7,000  feet.  It  is  evident  that  we  have  here  remnants  of 
an  old  river  deposit  formed  by  a  stream  flowing  at  a  moderate  grade.  It  is  not  likely 
that  such  a  stream  could  have  existed  along  the  edge  of  a  plateau  having  a  steep 
escarpment.  There  can  be  no  reasonable  doubt  that  since  these  gravels  were  deporited 
a  profound  displacement  has  occurred,  in  virtue  of  which  that  portion  of  the  former 
plateau  lying  to  the  east  of  the  present  escarpment  has  dropped  down  2,000  or  more 
feet  iiiul  now  lies  buried  beneath  the  sediment  of  the  former  Mohawk  Lake  and  beneath 
the  Tertiary  lavas. 

iVii  earthquake  occurred  in  this  valley  in  1876,  which  resulted  in 
forming  a  fissure  2  feet  wide  and  invigorating  a  number  of  hot  springs 
along  the  line  of  the  former  fault. 

Northwest  of  Mohawk  Valley  Turner  has  found  fault  scarps  at  a 
number  of  points,  but  especially  along  Spring  Garden  Creek  and 
farther  west  along  the  base  of  Spanish  Peak  in  Meadow  Valley,  where 
there  api)ears  to  have  been  a  displacement  of  3,000  feet  since  the  depo- 
sition of  the  auriferous  gravels.  This  fault  has  been  referred"  to  as 
the  American  Valley  fault.  Continuing  northwest  in  the  line  of  the 
faulting  across  North  Fork  of  P^eather  River,  about  the  head  of  Cliip 
Creek,  several  faults  occur  in  the  lavas  of  the  Lassen  Peak  region. 
Forty  miles  farther  northwest,  in  the  same  line  which  passes  to  the 
west  of  Lassen  Peak,  a  low  arch  in  the  older  rocks  comes  out  from 
under  the  lavas  and  crosses  Pit  River  into  the  Klamath  Mountains 
about  20  miles  northeast  of  Redding.  This  line  of  displacement 
aj^poars  to  be  the  one  connected  with  the  main  crest  of  the  Sierra 
Nevaihi,  and  its  influence  was  felt  in  the  Klamath  Mountains. 

«  Bull.  U.  S.  r.eol.  Survey  No.  33, 1880,  p.  13;  Eighth  Ann.  Kept.  U.S.Geol.  Sur\'ey,  pt.  1,  lS89.p.'i26. 
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The  length  of  this  faulted  belt  (shown  in  PI.  I)  from  Lake  Tahoe  to 
beyond  Spanish  Peak  is  over  50  miles,  and  to  Pit  River  nearly  as  far 
again.  Though  a  definite  fault  line  can  not  be  traced  all  the  way, 
there  are  places  where  it  is  evident.  In  the  Lake  Tahoe  region,  as 
shown  by  Lindgren,  the  faulting  on  this  line  occurred  chiefly,  if  not 
wholly,  in  the  early  Cretaceous,  but  in  Mohawk  Valley  and  farther 
northward  the  faulting  appears  to  have  been  chiefly,  if  not  wholly, 
later  than  the  gravels.  The  arch,  which  in  the  Redding  foUo  is  called 
the  Copper  City  arch,  is  bordered  by  fossiliferous  rocks  which  show  it 
to  have  been  formed  after  the  Chico  and  before  the  lone.  It  is  likely, 
therefore,  that  the  early  Cretaceous  movement  which  Lindgren  recog- 
nized about  Lake  Tahoe  reached  the  Klamath  Mountains  about  the 
close  of  the  Cretaceous,  but  that  the  greatest  amount  of  displacement 
along  that  Une  in  the  north  end  of  the  Sierras  took  place  after  the 
earlier  gravel  period. 

INDIAN    VALLEY   FAULT. 

Having  traced  the  Honey  Lake  fault  from  its  north  end,  where  it 
passes  into, a  monoclinal  fold,  southeast  to  the  neighborhood  of  Reno, 
and  the  Mohawk  Valley  fault  from  Lake  Tahoe  to  the  lavas  of  Las- 
sen Peak  and  beyond  to  the  Klamath  Mountains,  let  us  turn  our 
attention  to  the  line  of  faulting  that  lies  between  the  two  already 
noted. 

Lindgren  has  traced  a  fault  from  the  eastern  side  of  Lake  Tahoe 
northwest  across  the  Truckee  into  the  divide  wliich  bounds  Sierra 
Valley  on  the  south.  The  divide  is  of  volcanic  rocks,  which  Lindgren 
regards  as  younger  than  the  fault  and  which  obscure  its  topographic 
features.  No  definite  trace  of  the  fault  was  seen  about  Sierra  Valley, 
though  it  may  cross  in  the  vicinity  of  Loyalton  and  Beck\dth,  for 
continuing  northwest  beyond  Sierra  Valley  we  come  to  Grizzly  Valley, 
which  is  in  line  with  Indian  Valley,  where  we  find  in  the  strong  con- 
trast of  the  two  sides  of  the  valley  decided  evidence  of  faulting.  On 
the  south  side  are  the  bold  bluffs  of  Arlington  Heights  and  Houghs 
Peak,  which  expose  the  ends  of  a  thick  series  of  sediments  dipping  to 
the  southwest,  while  on  the  opposite  side  beyond  the  valley  is  a  gentle 
slope,  whose  topographic  features  run  beneath  the  north  edge  of  the 
valley.  The  Mounds  of  Indian  Valley  are  knolls  which  occur  on  a 
spur  that  runs  out  under  the  valley.  The  knolls  are  sufliciently 
prominent  to  rise  above  the  floor  of  the  valley.  They  are  completely 
surrounded  by  alluvium,  but  clearly  belong  to  the  spur  on  the  adja- 
cent side  of  the  valley  and  show  that  the  deep  side  of  the  valley  is  on 
the  south,  under  the  prominent  bluffs.  The  fault  is  a  short  one 
between  Taylorsville  and  Crescent  Mills  and  possibly  around  to  Green- 
ville. The  amount  of  displacement  is  small.  No  definite  trace  of 
this  fault  has  been  found  in  the  canyon  of  Indian  Creek  above  Taylors- 
▼ille,  where  the  effects  of  the  Taylorsville  reverse  fault  are  in  evi- 
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(lence.  The  absence  of  the  Ariington  beds  on  the  metarhyolite  north 
of  the  valley,  as  explained  on  page  100,  is  in  large  measure  due  to  pre- 
Jurassic  erosion.  The  Indian  Valley  fault  is  normal,  like  that  of 
Honey  Lake  and  Mohawk  Valley,  and  is  not  to  be  confused  with  the 
Taylorsville  reverse  fault  of  the  same  region. 

Northwest  of  Indian  Valley,  at  the  lower  end  of  Big  Meadows  and 
Mountain  Meadows,  the  rocks  of  the  Taylorsville  region  pass  beneath 
the  cover  of  Miocene  lavas  from  the  volcanic  center  about  Lassen 
Peak.  North  of  Prattville,  along  the  northeast  edge  of  Big  Meadows, 
there  is  a  prominent  lava  bluff  due  to  faulting.  Along  Rock  Creek 
and  also  along  Warner  Creek  of  the  same  region,  as  shown  in  PL  I, 
similar  bluffs  occur,  all  approximately  parallel  and  facing  the  south- 
west. They  are  due  to  faults  and  have  been  traced  about  a  dozen 
miles  running  nearly  N.  30°  W.  in  line  with  the  faulted  belt  we  have 
traced  from  Lake  Tahoe  by  way  of  Grizzly  and  Indian  valleys.  Con- 
tinuing to  the  northwest,  the  same  line  passes  east  of  Lassen  Peak  in 
the  vicinity  of  the  Snag  Lake  cinder  cone  to  the  prominent  fault 
scarp  known  as  Hat  Creek  Hill.  It  faces  the  southwest.  The  throw 
at  the  south  end  is  over  600  feet,  but  it  decreases  to  the  northwest, 
and  the  fault  continues  for  over  20  miles  to  near  Pit  River. 

The  faults  of  the  Indian  Valley  belt  in  the  Lassen  Peak  region  are 
remarkable  not  only  for  their  extent,  but  also  from  the  fact  that  they 
have  the  downthrow  on  the  southwest  side  and  are  of  post-Miocene 
age. 

Along  Indian  Valley  the  fault  may  be  of  about  the  same  age,  but 
the  throw  is  in  the  opposite  direction.  In  the  vicinity  of  Lake  Tahoe, 
as  Lindgren  has  sho\\Ti,  there  was  little  or  no  movement  at  thje  close 
of  the  Miocene.  The  faulting  in  that  region  occurred  in  the  early 
Cretaceous,  with  the  do\\Tithrow  on  the  southwest,  similar  to  that  in 
the  Lassen  Peak  region  and  the  reverse  of  that  in  Indian  Valley. 

GEOLOGIC   HISTORY  OF  TAYLORSVILIiE  REGION. 

PRE-SILURIAN. 

What  was  happening  in  the  Sierra  Nevada  region  during  the  long 
eons  of  the  early  geologic  time  is  not  yet  fully  made  out.  The 
record  is  fragmentary  and  complex.  During  Cambrian  time  it 
appears"  that  a  mountain  range  may  have  occupied  approximately 
the  position  of  the  Sierras  and  limited  cm  the  west  the  thick  deposits 
of  Cambrian  strata  laid  down  in  the  Great  Basin  region.  Though  it 
is  known''  that  Cambrian  strata  extend  into  the  Sierra  Nevada  west 
of  Mono  Lak(\  they  do  not  outcrop  in  the  Tayloi-sville  region,  where 
all  the  rocks  are  of  later  a^e. 


<i  Bull.  r.  S.  CJpoi.  Survey  No.  2as,  1903.  p.  218. 
b  Bull.  r.  S.  (ieol.  Survey  No.  si,  18H1,  p.  304. 
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The  earliest  scene  drawn  directly  from  the  records  of  the  Taylors- 
ville  region  is  one  of  decideii  volcanic  activity,  iluring  wliich  tl^ 
metarhyolite  found  its  way  to  the  surface,  but  the  extent  of  the 
volcanic  eruptions,  whether  on  land  or  on  sea,  and  their  exact  geo- 
logic date  are  matters  of  conjecture,  except  that  they  are  older  than 
the  adjacent  Silurian  strata. 

SILURIAN. 

The  Silurian  record  began  over  the  northern  end  of  the  Sierra  on 
the  sea  floor  with  the  deposition  of  fine  sand  and  oc<^asional  pebbles 
of  the  imderlying  metarfiyoUte.  Layers  of  dark  mud  were  formed 
in  places  containing  numerous  sponge  spicules,  such  as  are  found  in 
the  Grizzly  quartzite,  to  register  the  Ufe  of  the  time.  Conditions 
changed  somewhat,  and  corals  became  abundant  with  other  forms 
of  organisms  having  calcareous  shells.  By  their  accumulation  lixjal 
lenses  of  Umestone  were  formed,  whose  fossils  indicate  the  horizon 
of  the  Niagara.  The  occurrence  of  similar  fossils  near  Eureka,  Xev., 
suggests  direct  water  connection  with  the  great  water  body  which 
in  Silurian  time  occupied  the  central  part  of  the  United  States. 
The  general  absence  of  this  Umestone  on  the  Pacific  coast  except  in 
the  Taylorsville  region  may  indicate  dry  land  in  that  region  during 
the  Silurian. 

DEVONIAN. 

Judging  from  the  small  size  of  the  limestone  lentils,  the  epoch  of 
their  development  was  brief.  Then  came  changes  which  involved 
elevation,  exposing  parts  of  the  Grizzly  quartzite  to  erosion,  but  the 
Taylorsville  region  appears  to  have  remained  much  of  the  time 
beneath  the  sea  and  to  have  received  the  conglomerates,  sandstones, 
shales,  and  cherts  of  the  Taylorsville  formation.  The  pebbles  of 
lava  contained  in  the  fine  conglomerate  at  the  base  of  the  formation 
testify  to  pre-Devonian  volcanic  activity,  including  such  forms  as 
the  metarhyoUte,  a  type  which  occurs  near  the  same  horizon  in  the 
Bedding  region  also.  The  records  of  Devonian  life  are  obscure  or 
absent  in  the  Taylorsville  region,  but  to  the  northwest  in  the  Ked- 
ding  region  they  are  abundant.  The  sea  teemed  with  corals,  and  the 
middle  Devonian  hmestone  of  the  Klamath  Mountain  region  is  locally 
full  of  them.  But  the  record  of  the  Devonian  period  in  the  Sierra 
Nevada,  though  much  fuller  than  that  of  the  Silurian,  is  far  from 
complete.  The  Devonian  period  was  brought  to  a  close  by  an  uplift 
which  exposed  the  Devonian  sediments  locally  to  erosion. 

CARBONIFEROUS. 

The  Carboniferous  opened  with  the  northern  part  of  California 
beneath  the  sea,  receiving  deposits  derived  largely  from  the  erosion  of 
Devonian  strata,  upon  which  the  Carboniferous  strata  were  laid 
down  unconformably.     The  shore  was  not  far  olT,  for  many  (osavl- 
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iferous  limestone  pebbles,  such  as  are  easily  destroyed,  were  pre- 
served in  the  conglomerates  of  the  lower  Carboniferous  of  the 
Klamath  Mountains.  On  the  northern  end  of  the  Sierra  the  deposits 
were  finer,  composed  chiefly  of  fine  shale  and  sandstones,  making  up 
the  Arlington  formation,  succeeded  by  the  siliceous  beds  of  Houghs 
Peak,  with  an  occasional  conglomerate.  Then  came  an  epoch  of 
vigorous  volcanic  activity  whose  products  are  widespread.  At  this 
time  the  volcanic  tuffs  and  flows  of  the  Taylor  meta-andesite  were 
erupted,  and  volcanoes  were  active  in  the  Sierra  south  of  the 
fortieth  parallel"  as  well  as  in  the  Redding  region '^  of  the  Klamath 
Mountains.  With  the  decadence  of  volcanic  activity  conditions  fav- 
orable to  the  formation  of  limestone  came  in  and  heavy  bodies  of  lime- 
stone locally  full  of  fossils  were  formed  throughout  the  Sierra  and 
the  E^lamath  Mountains.  Toward  the  end  of  the  Carboniferous 
volcanic  action  again  became  vigorous,  resulting  in  the  eruption  of 
the  Reeve  and  Kettle  meta-andesites,  but  small  lenses  of  lime- 
stone continued  to  be  formed  in  places  to  the  end  of  the  period, 
which  was  brought  to  a  close  by  an  uplift  in  the  Taylorsville  region. 
This  uplift  in  the  Sierra  Nevada  region  corresponds  approximately 
to  that  of  the  Mississippi  Valley  and  the  eastern  portion  of  the  United 
States,  where  the  Appalachian  Mountains  were  formed  and  the  ocean 
in  large  measure  finally  excluded  from  the  Mississippi  Valley.  In 
the  Sierra  it  appears  to  have  been  accompanied  by  considerable 
deformation  and  metamorphism  and  possibly  erosion  before  the 
deposition  of  Triassic  began,  for  the  Paleozoic  strata  are  decidedly 
more  compressed  and  altered  than  those  of  Mesozoic  age  in  the  same 
region,^"  and  the  two  are  unconformable.  As  one  of  the  results  con- 
sequent upon  the  deformation  of  the  Taylorsville  region,  the  Taylors- 
ville fault  was  formed  and  rhyolite  was  brought  to  the  surface  to 
receive  the  Triassic  and  Jurassic  deposits  laid  down  upon  it. 

TRIASSIC. 

During  the  early  Triassic  the  Tayloi-sville  region  appears  to  have 
been  dry  land,  hut  to  the  northwest  in  the  Redding  region  the  sea 
prevailed,  receiving  upon  its  floor  a  thick  deposit  of  lavas  and  tuffs 
interstratified  with  and  succeeded  by  shales  and  thin  sandstones  of 
the  Pit  formation,  which  does  not  occur  in  the  Taylorsville  region. 
The  northern  end  of  the  Sierra  subsided,  hut  without  great  deforma- 
tion, at  the  close  of  Pit  time,  and  the  sea  again  covered  a  large  part 
if  not  the  whole  of  the  Sierra  Nevada.  Coiled  forms  of  cephalopods 
(ammonites)  were  abundant  and  large  swimming  reptiles  common. 
Their  remains  spread  upon  the  sea  floor  became  entombed  in  the 

a  Mother  Lode  District  folio  (No,  (13),  Ccolopic  Atlas  U.  S.,  U.  S.  Oeol.  Survey,  1900,  p.  4. 
I  Redding  folio  (No.  \^\  (Jwlogic  Atlas  U.  S.,  U.  8.  Oool.  Survey,  1906,  p.  10. 
('  Ltndgren  and  Turner,  in  gold  belt  folios. 
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Hosselkus  limestone.  On  top  of  the  limestone  the  dark  calcareous 
mud  of  the  Swearinger  slate  and,  in  the  Redding  region,  the  Brock 
shale  were  laid  down  over  a  wide  stretch  along  the  Pacific  coast  from 
CaUfomia  to  Alaska  during  an  epocli  wliich,  like  that  of  the  Hossel- 
kus limestone,  was  free  from  volcanic  activity. 

JURASSIC. 

The  Triassic  was  closed  and  the  Jurassic  initiated  by  small  changes 
of  level  accompanied  by  a  recurrence  of  volcanic  activity,  but  all  the 
while  most  of  northern  California  remained  beneath  the  sea,  and  the 
unconformity  between  the  Triassic  and  the  Jurassic  is  not  great. 
In  the  Taylorsville  region  the  earliest  Jurassic  deposits  occur  in  the 
Trail  beds  of  fresh  or  brackish  water  origin.  These  are  of  hmited 
extent,  for  at  the  same  time  in  the  Redding  region  marine  deposits 
were  in  progress.  In  the  next  succeeding  epoch,  when  the  Hard- 
grave  sandstone  was  deposited,  the  sea  covered  the  Taylorsville  region, 
western  Nevada,  and  much  of  eastern  Oregon,  which  continued  sub- 
merged until  near  the  close  of  the  Jurassic. 

Though  they  were  quiescent  epochs  during  which  the  Hardgrave 
sandstone,  Thompson  hmestone,  and  Mormon  sandstone  were  formed, 
the  Jurassic  was  a  period  of  recurrent  volcanic  activity,  which  spread 
the  Fant  and  Hull  meta-andesites  upon  the  surface  and  furnished  a 
source  for  much  of  the  material  of  which  the  Jurassic  strata  of  the 
Taylorsville  region  are  composed. 

The  fauna  of  the  Foreman  beds,  which  is  the  youngest  of  the 
Jurassic  in  the  Taylorsville  region,  has  not  yet  been  studied  by  a 
paleontologist  in  the  field,  but  from  all  that  is  known  of  it  thus  far 
its  discovery  has  not  changed  the  order  of  relative  age  published  by 
Professor  Hyatt,"  in  which  he  regards  the  Mariposa  formation  as 
younger  than  those  found  in  the  Taylorsville  region. 

The  AuceUa  fauna  in  the  Mariposa  beds  is  limited  in  the  Sierra  to 
the  lower  portion  of  its  western  slope.  A  tliick  deposit  of  slates  like 
those  of  the  Mariposa  has  been  reported  by  King^  in  western  Nevada, 
but  no  fossils  have  yet  been  found  in  them  to  confirm  the  correla- 
tion. The  Mariposa  contains  many  conglomerates,  and  according  to 
Lindgren*^  was  laid  down  in  ''immediatt*  proximity  of  the  shore 
line.''  Its  absence  east  of  the  nuiin  crest  in  th(»  Sierra  is  probably 
due  to  an  uplift  at  the  close  of  the  Taylorsville  Jurassic,  excluding 
the  sea  from  that  region.  Volcanic  eruptions  on  the  west  sloj)e  con- 
tinued during  the  Mariposa. 

a  hull.  Geoi.  Soc.  America,  vol.  o,  1.S04,  p.  413. 

6  V.  S.  r.eol,  Explor.  4()th  I'arallol,  vol.  1,  isTS.  p.  ^X,. 

f  Colfax  folio  (No.  W>).  Gcologu-  Atlas  V.  S..  V.  S.  (ieol.  Survey,  1900,  p.  3, 


108  THE  TAYT^ORSVTLLE  REGION,  CALIPORNTA. 

EARLY  CRETACEOUS  (SHASTA). 

The  Jurassic  was  closed  and  the  Cretaceous  initiated  by  a  pro- 
found compression  of  the  rocks  of  the  Sierra  Nevada,  folding  and 
crushing  them  and  converting  the  finer  late  Jurassic  sediments,  the 
Mariposa,  into  slates.  In  the  Taylorsville  region  the  Jurassic  was 
completely  overturned  and  then  faulted  by  a  later  movement  along 
the  plane  of  the  Taylorsville  overthrust.  The  vast  masses,  batho- 
liths  of  granitic  and  dioritic  rocks,  as  well  as  many  dikes  and  smaller 
bodies  of  various  igneous  rocks,  which  form  so  large  a  part  of  the 
Sierra  Nevada,  were  intruded  mainly  in  connection  with  the  great 
compression  and  upbuilding  of  the  range  about  the  beginning  of  the 
Cretaceous,  and  many  of  the  older  igneous  rocks  and  sediments  were 
converted  into  schists  along  the  borders  of  the  batholiths. 

The  compression,  intrusion,  and  uplift  affected  not  only  the  region 
of  the  Sierra,  but  also  that  of  the  Great  Basin  adjoining  the  Sierra 
on  the  east,  and  at  that  time  perhaps  not  yet  clearly  differentiated. 

The  whole  region  was  above  the  sea  and  was  vigorously  attacked 
by  erosion.  In  the  course  of  long-continued  degradation  during  the 
early  Cretaceous  orographic  prominences  were  removed  and  the  sur- 
face reduced  to  comparatively  gentle  features.  A  great  thickness  of 
fine  deposits  accumulated  west  of  the  Sierra  near  the  fortieth  paral- 
lel in  the  Sacramento  Valley.  Subsidence  was  in  progress  along  the 
coast  toward  the  close  of  the  early  Cretaceous,  and  the  sea  gradually 
encroached  upon  the  land,  but  a  differential  change  of  level  occurred 
which  resulted  in  the  formation  of  a  thick  and  extensive  conglom- 
erate along  the  present  western  border  of  the  Sacramento  Valley. 

This  change  appears  to  have  involved  the  lifting  up  of  the  Sierra 
and  Oreat  Basin  region  until  the  latter  started  to  collapse  and  break 
away  from  the  Sierra  by  the  development  of  a  remarkable  series  of 
faults,  which  mark  their  eastern  limit. 

South  of  latitude  38°  30'  the  displacement  along  the  east  face  of 
tlie  Sierra  appears  to  have  taken  place  chiefly  along  one  fault  line, 
but  north  of  that  latitude  there  were  three  principal  lines  of  dis- 
placement. Beginning  near  Lake  Tahoe  they  diverge  slightly,  and 
then,  becoming  approximately  parallel,  extend  northwest  with  more 
or  less  continuity  for  over  100  miles.  Lindgren  has  shown  that  these 
faults  in  the  neigliborhood  of  Lake  Tahoe  are  older  than  the  andesitic 
Hows,  and  appear  to  have  originated  during  the  early  Cretaceous. 
Much  of  the  displacement  occurred  at  that  time,  but  north  of  the 
latitude  of  Sierra  Valley  the  displacement  was  later. 

LATER  CRETACEOUS  (CHICO). 

During  the  deposition  of  the  Chico  the  Sierra  region  was  gradually 
subsiding  and  the  sea  transgressing  until  it  beat  upon  the  western 
foot  of  the  mountains  several  hundred  feet  above  the  present  level 
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of  the  sea.  The  subsidence  and  transgression  were  greatest  toward 
the  northern  end  of  the  range,  but  were  nowhere  profound.  The 
Chico  sediments  soon  became  fine  and  more  or  less  calcareous,  indi- 
cating gentle  slopes  upon  the  land  approximating  the  condition  of  a 
peneplain.**  The  Chico  closed  with  an  uplift  which  excluded  the  sea 
from  northern  CaUfomia. 

EOCENE. 

The  uplift  at  the  opening  of  the  Eocene,  though  small,  was  accom- 
panied by  considerable  deformation,  resulting  locally  in  a  moi-e  or 
less  distinct  unconformity,  but  produced  no  striking  change  in  the 
character  of  the  marine  sediments  succeeding  the  Chico  in  middle 
California  and  southwestern  Oregon.  The  valleys  were  deepened  as 
a  result  and  then  widened,  so  that  comparatively  gentle  slopes  soon 
again  prevailed.  The  landscape  was  one  of  broad  and  comparatively 
shallow  valleys,  whose  divides  preserved  the  gentler  features  of  an 
earUer  (Cretaceous)  topography.  The  rate  of  disintegration  became 
greater  than  that  of  transportation,  and  a  mantle  of  residuary  mate- 
rial rich  in  vein  quartz  accumulated  upon  the  surface. 

From  the  abundance  of  material  at  hand  the  streams  became  over- 
loaded and  filled  their  valleys.  The  gravels  were  largely  quartzose 
and  auriferous.  The  sand  that  reached  the  mouths  of  the  streams  was 
arkose.  This  appears  to  have  been  the  condition  of  affairs  indicated 
by  the  coaly  deposits  and  sands  which  form  the  lower  half  of  the 
main  mass  of  auriferous  gravels  in  the  Taylorsville  region. 

Well  toward  the  close  of  the  Eocene  the  Sierra,  in  latitude  39°  30', 
was  elevated  and  greatly  increased  the  stream  grade  of  Jura  River, 
flowing  northward,  so  that  it  contributed  gravel  instead  of  sand  to 
its  delta,  and  numerous  bowlders  were  carried  into  its  channel. 
The  stream  grades  of  the  western  slope  of  the  range  must  have  been 
increased  at  the  same  time,  but  according  to  Turner  their  grade  was 
not  so  great  as  that  of  Jura  River.  That  this  took  place  in  the 
Eocene  is  suggested  by  the  fact  that  the  flora  of  this  early  gravel 
epoch  is  similar  to  that  of  the  Eocene  of  Oregon. 

MIOCENE  AND  PLIOCENE. 

The  conditions  of  gravel  deposition  may  have  continued  in  the  Jura 
River  region  from  the  latter  portion  of  the  Eocene  through  the  greater 
portion  of  the  Miocene  and  Pliocene  apparently  without  material 
change.  The  stream  continued  to  flow  and  the  estuarine  body  of 
water  which  it  entered  remained  covering  the  north  end  of  the  Sierra 
throughout  the  period,  and  as  far  as  may  be  judged  from  the  gravels 
the  river  grade  was  not  changed  essentially. 

Before  the  close  of  the  Miocene  the  volcanic  flows  from  the  crest 
of  the  range  began.     The  earliest  flows  were  of  rhyolite,  which  fol- 

a  lindgren  was  the  first  to  point  out  this  peneplain  (Jour.  Geology,  vol.  4, 189(3,  p.  894). 
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lowed  the  lines  of  drainage  and  covered  the 
gravels  about  the  head  of  Jura  River.  Its 
eruption  is  represented  by  layers  of  vol- 
canic dust  in  the  main  gravel  mass  on 
Willards  Creek.  These  were  followed  after 
an  interval  by  flows  of  andesitic  and  ba- 
saltic lava  and  breccia,  which  completely 
filled  the  upper  course  of  Jura  River  and 
changed  its  drainage.  The  lower  course 
was  left  uncovered,  but  along  the  Diamond 
Mountain  region  and  farther  northwest 
flows  issued  and  covered  large  tracts  of  the 
main  gravel  mass  and  furnished  material 
for  the  later  gravels  formed  by  the  waves  of 
the  bordering  water  body. 

QUATERNARY. 

About  the  close  of  the  Pliocene  great 
changes  occurred  in  the  north  end  of  the 
range.  With  the  adjoining  portion  of  the 
Great  Basin  it  was  uplifted  and  afterward 
faulted  so  as  to  completely  change  its  to- 
pography and  drainage.  The  uplift  in- 
creased toward  the  north,  for  the  delta  of 
Jura  River  was  raised  from  a  low  altitude 
to  an  elevation  of  7,000  feet — that  is,  to 
nearly  as  great  an  altitude  as  its  source. 
The  time  of  this  deformation  was  subse- 
quent to  the  volcanic  eruptions  of  its  vicinity 
but  contemporaneous  with  great  activity 
about  Lassen  Peak,  as  if  the  pressure  in 
the  one  case  was  relieved  by  volcanic 
eruptions  and  in  the  other  by  upheaval. 

The  upheaval  and  deformation  of  the 
Jura  River  valley  resulted  in  a  complete 
change  of  drainage  and  added  to  the  drain- 
age of  the  watercourses  of  the  western 
slope  of  the  range,  part  of  it  going  to 
Yuba  River,  but  the  gnniter  portion  to 
Middle  and  North  forks  of  Feather  River. 
The  effect  of  the  deformation  upon  drain- 
age is  illustrated  in  fig.  12  hv  a  general 
proiile  along  the  Jura  River  l)ed,  omit- 
ting the  later  effects  of  erosion.  The 
ancient  river  bed  descends  from  7,000  feet 
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near  Meadow  Lake  to  6,000  feet  where  drained  by  the  forks  of 
Yuba  River,  and  rises  again  to  7,000  feet  in  Haskell  Peak.  Crossing 
Mohawk  Valley  fault  it  descends  to  5,000  feet  where  drained  by  Mid- 
dle Fork  of  Feather  River,  but  again  rises  to  6,000  feet  at  the  Cascade 
mine,  from  which  there  is  a  slight  descent  to  Peale  diggings  and  Moon- 
light drained  by  North  Fork  of  Feather  River.  Here  the  gravels 
are  decidedly  Uthified  and  arch  over  the  eastern  block  of  the  Sierra 
to  Susan  Creek  of  the  Great  Basin  region. 

The  deformation  probably  began  on  the  east,  turning  the  water 
westward,  and  appears  to  have  been  ver}^  gradual,  permitting  the 
forks  of  Feather  River  to  maintain  their  courses  and  cut  deep  can- 
yons directly  across  the  rising  crests  of  the  range.  Small  temporary 
lakes  may  have  been  formed,  but  they  were  not  extensive  and  were 
soon  filled  up,  forming  fertile  valleys,  of  which  Indian  Valley  is  an 
example. 

ECONOMIC  GEOL.OGY. 

HISTORY. 

During  the  great  gold  excitement  in  California  prospectors  found 
their  way  into  the  depths  of  the  forest-clad  mountains  about  Indian 
Valley  as  early  as  1850.  The  **  Bullion  ledge,''  a  short  distance  north- 
west of  Greenville,  was  discovered  the  next  j^ear  and  many  locations 
followed,  so  that  within  ten  years  Greenville  became  an  active  mining 
center.  Gold  was  the  primary  object  of  search,  but  the  discovery  of 
rich  copper  ores  in  1865  led  to  the  erection  of  a  small  furnace,  whicli 
maintained  a  sporadic  activity  for  four  years. 

Though  no  great  mines  have  been  developed  about  Indian  Valley, 
between  forty  and  fifty  small  ones  have  at  various  times  contrib- 
uted to  a  total  output  of  over  $7, 700, 000.  The  values  are  almost 
wholly  in  gold,  with  a  little  silver  and  less  copper.  Iron  ore,  coal, 
building  stone,  and  mineral  springs,  although  present,  have  not  yet 
become  sources  of  revenue.  There  are  now  many  active  prospects 
in  the  region,  but  scarcely  half  a  dozen  paying  mines. 

On  the  accompanying  sectional  map  of  tlie  Indian  Valley  region 
(PI.  V)  Mr.  Arthur  Keddie  located  the  surveyed  mining  claims  of  the 
following  list  in  1904,  and  I  have  added  references  to  the  prospects, 
mines,  and  ores.  The  claims  are  more  or  loss  distinctly  grouped  in 
two  belts,  the  Crescent  Mills  belt  and  the  Genesee  belt. 
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Li8t  of  mining  claims  in  Indian  Valley. 


.25N.,  Rs.  9,  10,  and  HE.: 

T.  26N.,  Rs.  9andl0E.: 

1.  Bridge  Q.  M. 

1.  Centennial  Q.  M. 

2.  Shoo  Fly  Q.  M. 

2.  New  York  P.  C. 

3.  Golden  Age  Q.  M. 

3.  Kennebec  Q.  M. 

4.  Golden  Era  Q.  M. 

4.  Plow  Boy  Q.  M. 

5.  Rising  Sun  Q.  M. 

5.  New  York  Q.  M. 

6.  Golden  Dawn  Q.  M. 

6.  Antelope  Q.  M. 

7.  Golden  Coin  Q.  M. 

7.  Hong  Kong  Q.  M. 

8.  Greenwood  Q.  M. 

8.  Dewey  Q.  M. 

9.  Jennie  Veamans  Q.  M. 

9.  Johnny  Bull  Q.  M. 

10.  Kismet  Q.  M. 

10.  Bird  Q.  M. 

11.  Mirabile  Visu  Q.  M. 

11.  Summit  Q.  M. 

12.  Plumas  Grizzly  Q.  M. 

12.  W.  Pacific  Q.  M. 

13.  Queenie  Q.  M. 

13.  Pacific  Q.  M. 

14.  Fiesta  De  Oro  Q.  M. 

14.  Drury  Q.  M. 

15.  Camp  Compton  Q.  M. 

15.  Arctic  Q.  M. 

16.  Camille  Q.  M. 

16.  Phoenix  Q.  M. 

17.  Hayward  Q.  M. 

17.  East  Phoenix  Q.  lA 

18.  Rock  Taylor  Q.  M. 

18.  Sunrise  Q.  M. 

19.  King  Solomon  Annex  Q.  M. 

19.  Sunset  Q.  M. 

20.  Grand  Prize  Annex  Q.  M. 

20.  Arcadian  Q.  M. 

21.  Genesee  Q.  M. 

21.  Brooklyn  Q.M. 

22.  Italia  Q.  M. 

22.  Comstock  Q.  M. 

23.  Queen  of  Sheba  Q.  M. 

23.  Dominion  Q.  M. 

24.  Lodi  Q.  M. 

24.  Union  Q.  M. 

25.  Pilot  Q.  M. 

25.  Blaine  Q.  M. 

26.  Barney  Tutt  Q.  M. 

26.  Indian  Valley  Q.  1 

27.  Green  Eedge  Q.  M. 

27.  Arctic  Q.  M. 

28.  Queen  of  Genesee  Q.  M. 

28.  Summit  Q.  M. 

29.  Copper  Queen  Q.  M. 

29.  Atlantic  Q.  M. 

30.  Centennial  Q.  M. 

30.  Hibemia  Q.  M. 

31.  Centennial  South  Ex.  Q.  M. 

31.  Pacific  Q.  M. 

32.  Black  Bear  Q.  M. 

32.  Crown  Point  Q.  M 

33.  Brown  Bear  Q.  M. 

33.  Prospect  Q.  M. 

34.  Grizzly  Bear  Q.  M. 

34.  Standart  Q.  M. 

35.  Polar  Bear  Q.  M. 

35.  Brewster  Q.  M. 

36.  Cinnamon  Bear  Q.  M. 

36.  Valentine  Q.  M. 

37.  Grizzly  Q.  M. 

37.  Robinson  Q.  M. 

38.  Bear  Q.  M. 

38.  Eclipse  Q.  M. 

39.  Piano  Q.  M. 

39.  Altona  Q.  M. 

40.  Peacock  Q.  M. 

40.  Emerald  Q.  M. 

41.  Ingo  Q.  M. 

41.  Arid  Q.  M. 

42.  Copper  Bell  Q.  M. 

42.  Lizzie  Q.  M. 

43.  Copper  Queen  Q.  M. 

43.  Jackson  Q.  M. 

44.  Morning  Star  Q.  M. 

44.  Tunnel  Q.  M. 

45.  Limbo  Q.  M. 

45.  Monroe  Q.  M. 

46.  Evening  Star  Q.  M. 

46.  Empire  Q.  M. 

47.  Reno  Q.  M. 

47.  Ruby  Q.  M. 

48.  Fossil  Q.  M. 

48.  Brillianl  Q.  M. 

49.  Reward  Q.  M. 

49.  North  Star  Q.  M. 

50.  Beckwith  Q.  M. 

.50.  Susan  Jane  Q.  M. 

M. 
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26  N.,  Rs.  9  and  10  E.— Continued. 

T.  26  N.,  Rs.  Hand  12  E.— Continued 

51.  Miller  Q.  M. 

42.  Nome  Q.  M. 

52.  Cole  Q.  M. 

43.  Isabelle  Q.  M. 

53.  Crescent  Q.  M. 

44.  Libby  Q.  M. 

54.  Pet  Q.  M. 

45.  Emma  Q.  M. 

55.  Plumas  Q.  M. 

46.  Molly  Q.  M. 

56.  California  No.  1  Q.  M. 

47.  Cooksey  Q.  M. 

57.  California  No.  3  Q.  M. 

48.  Chico  Q.  M. 

58.  California  No.  4  Q.  M. 

49.  Duncan  Q.  M. 

59.  California  No.  2  Q.  M. 

50.  Dome  Q.  M. 

60.  Palmyra  Q.  M. 

51.  Calnan  Q.  M. 

26N.,  Rs.  llandl2E.: 

52.  Carbonate  Q.  M. 

1.  Hull  P.  C. 

53.  Chondrodite  Q.  M. 

2.  Homfel  Q.  M. 

54.  Castle  Q.  M. 

3.  Jura  Q.  M. 

55.  Jennie  Q.  M. 

4.  Laura  Q.  M. 

56.  Cascade  Q.  M. 

5.  Lucy  Q.  M. 

57.  Cabaritic  Q.  M. 

6.  Omega  Q.  M. 

58.  Columbine  Q.  M. 

7.  Glass  Q.  M. 

59.  Clasper  Q.  M. 

8.  Main  Q.  M. 

60.  Phonolite  Q.  M. 

9.  Wisconsin  Q.  M. 

61.  Colorado  Q.  M. 

10.  Climax  Q.  M. 

62.  Crown  Q.  M. 

11.  Index  Q.  M. 

63.  Bond  Q.  M. 

12.  Jupiter  Q.  M. 

64.  Outcrop  Q.  M. 

13.  Mars  Q.  M. 

65.  Arizona  Q.  M. 

14.  Signal  Q.  M. 

66.  Columbia  Q.  M. 

15.  Cherokee  Q.  M. 

67.  Lyddite  Q.  M. 

16.  Hopeful  Q.  M. 

68.  Jeanette  Q.  M. 

17.  Gage  Q.  M. 

69.  Bonanza  Q.  M. 

18.  Venus  Q.  M. 

70.  Bonanza  No.  2  Q.  M. 

19.  Summit  Q.  M. 

71.  Taylor  Diggings  Q.  M. 

20.  Empire  Q.  M. 

T.  27N.,  Rs.  10  and  HE.: 

21.  Locust  Q.  M. 

1.  Engles  Copper  Mine  No.  3. 

22.  Wonder  Q.  M. 

2.  Engles  Copper  Mine  No.  2. 

23.  Homestake  Q.  M. 

3.  Lucky  S  No.  2  Q.  M. 

24.  McKinley  Q.-M. 

4.  Cadmus  P.  C. 

25.  Lincoln  Q.  M. 

5.  Lucky  S  Q.  M. 

26.  Garfield  Q.  M. 

6.  Sheep  Herder  Q.  M. 

27.  Queen  Q.  M. 

7.  Moonlight  Q.  M. 

28.  Hammoth  Q.  M. 

8.  Wasp  Q.  M. 

29.  Williams  Q.  M. 

9.  Grant  Q.  M. 

30.  Jessie  Q.  M. 

10.  Hulsman  Q.  M. 

31.  Wide  Awake  Q.  M. 

11.  Sherman  Q.  M. 

32.  Roosevelt  Q.  M. 

12.  Oregon  Q.  M. 

33.  Washington  Q.  M. 

13.  Olympia  Q.  M. 

34.  Perkins  Q.  M. 

14.  Davenport  Q.  M. 

35.  Butte  Q.  M. 

15.  Edward  Q.  M. 

36.  NeUie  Q.  M. 

17.  Sidehill  Q.  M. 

37.  Timey  Q.  M. 

18.  Sperm  Q.  M. 

38.  Roee  Q.  M. 

19.  Oak  Q.  M. 

39.  Slim  Jim  Q.  M. 

20.  Shough  Q.  M. 

40.  aipper  Q.  M. 

21.  Gentle  Annie  Q.  M. 

41.  CongresB  Q.  M. 

22.  Cabin  Q.  M. 

50007— BulL  353—08—8 
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T.  27  N.,  Rs.  10  and  11  E.— Continued. 

23.  Ridge  Q.  M. 

24.  No  Wonder  Q.  M 

25.  Dexter  Q.  M. 

26.  Live  Oak  Q.  M. 

27.  Fair  View  Q.  M. 

28.  Stone  Point  Q.  M. 

29.  Fritz  Q.  M. 

30.  Big  Spring  Q.  M. 

31.  Big  Boo  Q.  M. 

32.  Belmont  Q.  M. 

33.  Claremont  Q.  M. 

34.  Vermont  Q.  M. 

35.  Palo  Cedar  Q.  M. 


T.  27  N.,  Rs.  10  and  11  E.— Continued. 

36.  Grant  Q.  M. 

37.  Crygtal  Q.  M. 

38.  Chaune  Q.  M. 

39.  Indian  Valley  Silver  Mine. 

40.  Indian  Valley  Silver  Mine. 
T.  28N.,  R.  HE.: 

1.  North  Star  Q.  M. 

2.  St.  Paul  Q.  M. 

3.  Red  Ocher  Q.  M. 

4.  Sunset  Q.  M. 

5.  Talbott  Q.  M. 

6.  Jackson  Q.  M. 

7.  Yellow  Ocher  Q.  M. 


DEVELOPMENT  IN  THE  CRESCENT  MILLS  BELT. 

The  principal  producing  mines  of  the  region  have  been  the  Crescent 
Mills,  Green  Mountain,  Indian  Valley,  and  McGill-Standart,  all  of 
which,  with  many  others  of  less  importance,  lie  in  the  Crescent  Mills 
mining  belt,  which  extends  from  the  neighborhood  of  TaylorsviDe 
north  50°  west  through  the  Crescent  Mills  and  Greenville  districts  to 
Wolf  Creek,  a  distance  of  about  15  miles,  with  a  width  of  a  little  over 
a  mile.  In  the  Crescent  Mills  belt  in  October,  1904,  there  were  but 
2  producing  mines,  with  1  quartz  mill  and  2  arrastres. 

DEVELOPMENT  IN  THE  GENESEE  BELT. 

The  most  continuous  activity  of  the  region  has  been  along  Wards 
Creek,  on  the  border  of  Genesee  Valley,  where  the  Gruss  mine  has 
been  in  o})erati()n  for  over  twenty  years.  Near  by  is  the  Five  Bear 
mine,  and  across  Genesee  Valley  is  the  Cosmopolitan,  from  which  most 
of  the  ore  was  obtained  years  ago  for  the  Coppertown  furnace. 
Beyond  are  the  Regal,  Engel,  and  finally,  in  Lights  Canyon,  the 
Superior  mine,  where  a  body  of  bornite  and  chalcopyrite  approxi- 
mately GO  feet  long,  40  feet  wide,  and  3  feet  thick  has  been  removed. 
These  mines  and  several  smaller  ones  lie  in  the  Grenesee  mining  belt, 
which  extends  from  Wards  Creek  north  22^  west  to  Lights  Canyon,  a 
distance  of  about  15  miles.  WTiile  conservative  estimates  place  the 
total  pnxhiction  of  the  Crescent  Mills  belt  at  $6,650,000,  that  of  the 
G(»neseo  bolt  has  l)een  estimated  at  $450,000.  In  1904  in  the  Genesee 
l)elt  tliore  wore  5  ininos  active,  with  2  stamp  mills  and  3  arrastres. 

GEOLOGY  OF  CRESCENT  MILLS  BELT  OF  MINES. 

Tlio  Crescent  Mills  mining  belt  has  in  it  two  long,  narrow  masses 
of  <rrano(Iiorito,  one,  southwest  of  Taylorsville,  cutting  the  Paleozoic 
sodimonts;  the  other,  between  Crescent  Mills  and  Greenville,  cutting 
tlio  quartz  porphyries  of  that  district.  The  metalliferous  deposits 
are  confined  cliiefly,  but  not  whoU}',  to  the  igneous  rocks,  and  in  none 
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of  the  cases  examined  are  they  definite  contact  deposits  such  as 
occur  in  a  portion  of  the  Grenesee  belt.  The  deposits  throughout 
the  Crescent  Mills  belt  are  in  more  or  less  well-defined  quartz  veins 
running  generally  parallel  to  the  course  of  the  belt,  but  in  a  few  cases 
there  are  small  veins  nearly  at  right  angles  to  the  others.  The  ore 
is  auriferous  pyrite,  sometimes  in  small  bodies  but  generally  dis- 
seminated in  the  narrow  strip  of  sheared  rock  of  the  partially  formed 
vein  in  which  there  is  usually  some  quartz.  The  pyrite  is  neariy 
always  changed  to  limonite,  setting  the  gold  free  and  staining  the 
indistinct  vein  as  well  as  its  walls.  One  of  the  best  defined  and 
most  complete  quartz  veins  of  the  Crescent  Mills  belt  occurs  in  the 
Premium  mine.  It  is  vertical,  about  2  feet  in  thickness,  and  cuts 
granodioritcv 

In  the  Green  Mountain  mine  one  subordinate  vein  carries  a  small 
amount  of  chalcopyrite,  but  in  general  copper  is  absent  in  the  belt 
except  at  the  old  Pettinger  mine,  two-thirds  of  a  mile  south  of  Tay- 
lorsville,  where  a  small  imperfect  vein  in  the  Taylorsville  slate  is 
impregnated  with  carbonates  of  copper,  sometimes  blue  but  generally 
green. 

An  exceptional  deposit  for  the  Crescent  Mills  belt,  and  indeed  for 
the  whole  region,  is  a  mass  of  pyrrhotite  a  mile  and  a  half  neariy 
south  of  Taylorsville.  It  Ues  in  a  narrow  strip  of  sheared  sandstone  * 
running  north  and  south  near  the  horizon  of  the  Montgomery  lime- 
stone, but  the  largest  body,  about  10  feet  in  thickness,  is  at  a  point 
where  the  sheared  sediments  end  against  serpentine.  The  pyrrhotite 
was  tested  for  nickel  by  Hillebrand,  but  none  was  found. 

GEOLOGY  OF  THE  GENESEE  BELT  OF  MINES. 

The  Genesee  mining  belt  follows  approximately  the  northeastern 
limit  of  the  Mesozoic  and  Paleozoic  sediments  where  they  come  in 
contact  with  the  granodiorite  and  the  Kettle  meta-andesite.  Tlie 
deposits  are  variable ;  some  are  more  or  less  complete  veins  following 
narrow  belts  along  which  the  rock  has  been  crushed  and  sheared; 
others  follow  the  line  of  contact  bounding  the  granodiorite.  In  some 
deposits  the  ore  is  auriferous  quartz  and  limonite,  but  in  others  the 
ore  is  chiefly  bomite,  chalcopyrite,  chalcocite,  or  copper  carbonates. 
Quartz  is  the  most  common  gangue  mineral,  but  in  one  case  barite 
appears  and  in  anothfer  a  green  mineral  like  actinolite. 

The  Gross  mine,  on  Wards  Creek,  is  on  both  sides  of  the  contact 
between  the  Kettle  meta-andesite  and  slaty  shale  of  the  Robinson 
formation.  In  the  shale  the  partially  formed  veins  follow  narrow 
shear  zones,  in  which  there  is.  some  auriferous  quartz  associated  with 
limonite  that  deeply  stains  the  richest  portions  of  the  crushed  mass. 
The  adjacent  meta-andesite  is  often  decidedly  slaty  and  its  ores  arc 
chiefly  chalcopyrite  or  bomite,  with  copper  carbonates  near  the 
surface. 


116  THE  TAYLOBSVILLE  REGION,  CALIFOBNIA, 

The  rocks  along  the  contact  are  much  sheared  and  apparently 
somewhat  richer  than  those  on  either  side.  No  characteristic  con- 
tact minerals  were  observed  to  suggest  that  ores  in  this  case  were 
originally  contact  deposits  modified  after  the  development  of  the 
slaty  cleavage. 

The  Five  Bear  mine  in  the  Robinson  slate  is  much  like  the  Gruss, 
but  the  Green  Ledge,  Pilot,  and  others  in  the  Kettle  nieta-andesite 
have  small  veins  of  quartz  with  bomite  and  some  chalcocite.  The 
veins  are  generally  less  than  5  inches  in  thickness. 

The  Cosmopolitan  mine  is  on  the  contact  of  the  granodiorite  with 
the  Ilosselkus  limestone  and  Swearinger  slate.  The  ore  is  bomite 
and  chalcopyrite,  forming  solid  bodies  up  to  15  feet  in  thickness, 
with  greater  dimensions  in  the  plane  of  contact,  along  which  other 
smaller  bodies  of  the  same  ore  occur.  On  the  surface  the  contact  is 
marked  by  masses  of  garnet  and  epidote  which  were  not  seen  beneath, 
but  in  the  Duncan  mine  the  garnet  and  epidote  are  associated  with 
the  ore. 

The  Bluebell  mine  is  in  the  Hosselkus  Umestone  near  the  contact, 
and  from  one  of  its  shafts  some  tons  of  carbonate  of  copper  have  been 
brought  up  in  connection  with  cave  breccia,  suggesting  a  secondary 
deposit  within  the  limestone.  A  small  vein  of  barite  occurs  in 
altered  andesites  at  the  old  Indian  Valley  silver  mine,  about  a  mile 
soutliwest  of  Lucky  S  mine,  and  locally  contains  traces  of  copper  ore. 

Near  the  northwestern  end  of  the  Genesee  belt  is  the  Superior 
mine,  in  which  the  gangue  of  the  bomite  is  a  green  fibrous  mineral 
like  actinolite.  A  number  of  parallel  vertical  veins  of  this  mineral 
arc  well  exposed  in  the  open  cut  and  contain  disseminated  particles 
and  nodules  of  bornite.  The  larger  ore  bodies  are  free  from  gangue. 
The  wall  rock,  which  is  fine-grained  granodiorite,  is  the  same  on  both 
sides  and  the  veins  are  sharply  defined. 

AURIFEROUS  GRAVELS. 

Development, — In  the  Taylorsville  region  modem  stream  beds  have 
been  mined  in  Lights  Canyon  and  on  Indian  Creek  above  Floumoy  as 
well  as  below  Arlington  Bridge.  The  total  yield  of  these  modem 
gravels  is  near  810,000  annually. 

About  the  head  of  Lights  Creek,  Mountain  Meadows,  and  Moon- 
liglit  ancient  gravels  have  been  mined  irregularly  in  a  small  way  for 
over  twenty  years,  and  the  total  yield,  according  to  a  conservative 
estimate,  is  nearly  $500,000. 

Kinds  of  gravel. — The  auriferous  gravels  which  have  been  mined 
about  Indiah  Valley  are  of  two  kinds  — (1)  the  gravels  of  the  present 
stream  beds  and  terraces  near  them,  and  (2)  the  gravels  of  ancient 
streams,  or  high  gravels  like  those  of  the  Taylor  diggings  on  the 
HK^untain  summits  far  above  the  streams  of  to-day,  composed  gen- 
erally of  well-rounded  waterworn  gravel. 
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Auriferous  gravels  of  present  streams. — The  gravels  of  the  present 
stream  beds  and  their  terraces  have  been  mined  at  a  number  of  points 
in  the  region,  especially  along  the  upper  courses  of  the  streams  where 
the  grade  is  sufficient  to  prevent  the  deposition  of  finer  material 
such  as  fills  Indian  Valley  proper,  North  Arm,  and  Genesee  Valley. 

Indian  Creek  heads  about  Diamond  Mountain  and  Thompson 
Peak  on  the  eastern  crest  of  the  Sierra  Nevada  in  a  large  area  of 
high  gravels,  and  has  doubtless  concentrated  whatever  gold  there 
may  have  been  in  the  small  amoimt  of  gravel  which  has  been  washed 
away.  Judging,  however,  from  present  activity  and  recent  output, 
the  part  of  Indian  Creek  east  of  Genesee  Valley  does  not  hold  out 
especially  promising  prospects,  but  this  can  not  be  taken  as  conclu- 
sive.    The  record  of  a  greater  activity  years  ago  is  not  available. 

Lower  down  on  Indian  Creek  beyond  Indian  Valley,  near  Shoo  Fly 
Bridge,  gravel  on  one  of  the  benches  is  worked  by  water  taken  out  at 
the  narrows  and  having  a  fall  of  nearly  100  feet.  The  excavation  is 
but  little  above  the  stream  level  and  has  been  carried  on  in  a  small 
way  by  R.  Martin  for  a  number  of  years.  Within  this  portion  of  the 
quadrangle  there  has  been  no  hydraulic  mining  for  several  years, 
but  a  few  miles  farther  west,  on  Soda  Creek,  Rush  Creek,  and  North 
Fork  of  Feather  River,  hydrauUc  and  placer  mining  have  been  carried 
on  extensively  and  profitably  for  many  years. 

Placer  mining  has  been  carried  on  along  the  upper  course  of  Wolf 
Creek,  Cooks  Canyon,  and  several  other  small  streams,  but  the  most 
eflfective  and  persistent  efforts  have  been  made  on  Lights  Creek  and 
Little  Grizzly  Creek,  just  beyond  the  Umit  of  the  Indian  Valley 
special  quadrangle. 

On  Ijights  Creek,  Ruffa,  the  Chatfield  Brothers,  and  Peters  work 
for  several  months  every  year  with  water  under  about  100  feet  pres- 
sure and  one  or  two  giants  each,  but  the  amount  of  debris  removed 
is  small. 

On  Little  Grizzly  Creek,  one  of  the  strongest  streams  of  the  region, 
the  work  is  done  on  a  somewhat  larger  scale  during  the  summer  in 
the  present  stream  bed,  where  large  bowlders  are  encountered.  In 
the  winter  the  terraces  from  100  to  200  feet  above  the  stream  are 
worked,  and  in  the  same  region  at  a  much  greater  elevation  is  the 
Cascade  hydrauUc  mine  described  by  Turner  in  the  Downieville  folio. 

The  entire  annual  yield  of  the  placer  mines  within  and  bordering  on 
the  Indian  Valley  quadrangle  is  probably  somewhat  less  than  $10,000. 

Auriferous  gravels  of  ancient  streams, — The  distribution  of  the 
auriferous  gravels  of  ancient  streams  in  the  Taylorsville  region  is 
fully  shown  on  Pis.  II  and  III.  They  are  mined  at  a  number  of 
points,  especially  near  the  border  of  Moonlight,  at  the  southeastern 
head  of  Mountain  Meadows,  and  in  Cooks  Canyon,  where  Evans, 
Davis,  Smith,  and  others  have  operated  a  month  or  more  nearly 
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every  year  for  twenty  years,  but  the  work  is  confined  to  the  lower 
edges  of  the  gravels,  which  range  from  an  altitude  of  5,000  feet  on  the 
west  and  north  to  7,000  feet  at  the  southeast  about  Diamond  Moun- 
tain, on  the  crest  of  the  Sierra  Nevada.  As  the  gravels  rest  upon  the 
summits,  it  is  almost  impossible  to  obtain  water  in  quantities  sufficient 
for  ordinary  mining  even  a  few  days  or  weeks  each  year.  . 

In  connection  with  the  ancient  auriferous  gravels  certain  residual 
deposits  should  be  noticed  in  which  the  debris  was  not  waterwom 
nor  at  any  time  in  any  proper  sense  a  part  of  a  stream  bed.  The 
debris  is  simply  the  material  derived  from  the  disintegration  of  the 
bed  rock  in  place.  Where  rocks  contain  veins  rich  in  native  gold, 
the  gold  liberated  by  disintegration  lodges  near  by  unless  removed 
by  erosion. 

A  third  of  a  mile  northwest  of  Round  Valley  Reservoir  a  placer 
mine  on  the  gentle  slope  toward  the  reservoir  is  said  upon  good 
authority  to  have  yielded  $150,000  some  years  ago.  The  placer 
mine  covered  the  northern  extension  of  the  veins  from  the  Standart- 
^IcGill  mine  on  the  adjacent  slope,  and  its  richness  is  to  be  attributed 
to  the  residual  material  from  the  veins. 

Another  example  of  the  same  kind  was  in  the  placer  mine  of  Mr. 
Davis,  who  washed  the  soil  from  the  slate  hill  where  the  Gruss  mine 
of  Genesee  is  now  located,  and  where  auriferous  veins  were  discov- 
ered which  yielded  about  $25,000. 

Several  years  ago,  on  the  western  slope  of  the  Moonlight  branch  of 
West  Fork  of  Lights  Creek,  a  small  but  rich  placer  was  discovered 
and  worked  for  a  little  while.  The  material,  though  largely  residual, 
contains  some  gravel  and  Ues  close  to  the  bottom  border  of  the  great 
body  of  gravel  about  Moonlight.  The  gravel  of  that  region  rests  on 
residual  material,  and  it  is  possible  that  the  local  richness  is  derived 
from  the  grpvels  removed  in  the  process  of  erosion. 

DEPOSITS  OF  IRON  ORE. 

Although  iron  is  not  mined  in  the  Indian  Valley  region,  there  are 
several  deposits  of  sufficient  importance  to  deserve  mention,  and  at 
some  future  time  they  may  be  utilized.  The  most  promising  is  at  the 
southern  border  of  Moonlight,  in  a  broad  valley  at  an  elevation  of 
5,600  feet,  11  miles  north  of  Taylorsville,  where  an  area  of  about 
2  acres  occurs  having  red  soil  strewn  with  black  chunks  of  hematite 
and  with  some  magnetite.  Some  of  the  fragments  are  2  feet  in 
diameter.  No  excavations  have  been  made,  but  the  ore  on  the 
surface  and  the  color  of  the  soil  indicate  a  considerable  body  of  iron 
ore  beneath. 

About  a  third  of  a  mile  west  of  this  locality  a  small  opening  exposes 
a  mass  of  hematite,  in  part  breccia,  over  4  feet  thick.     It  strikes 
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nearly  east  and  west  approximately  in  liae  with  the  area  noted 
above  and  dips  about  45°  to  the  south. 

A  few  degrees  west  of  south  from  the  2-acre  area  there  are  a  number 
of  small  pits  and  fragments  of  iron  ore  in  line  to  an  old  opening 
made  by  Hulsman,  which  exposes  a  veinlike  mass  of  magnetite  and 
hematite.  Some  of  the  fragments  have  magnetic  polarity;  others 
are  not  magnetic  at  all.  The  opening  is  only  about  10  feet  deep  and 
the  ore  is  said  to  run  out  at  that  depth.  It  is  possible  that  there  are 
two  lines  of  iron-ore  deposits,  one  nearly  north  and  south  and  the 
other  approximately  at  right  angles.  The  two  lines  appear  to  meet 
in  the  2-acre  area. 

Red  chert  is  exposed  at  a  number  of  points  in  the  Indian  Valley 
region,  and  it  is  not  yet  known  to  how  many  horizons  it  may  belong. 
With  it  is  always  associated  more  or  less  hematite,  so  that  the  speci- 
mens frequently  resemble  the  jasper  iron  ore  of  the  famous  Mar- 
quette region  in  Michigan. 

One  of  the  best  outcrops  of  this  kind  is  in  the  summit  of  Houghs 
Teak,  but  the  amount  of  hematite  exposed  is  always  small. 

An  exceptional  and  perhaps  the  most  interesting  mineral  deposit 
rich  in  iron  in  the  Taylorsville  region  is  the  mass  of  pyrrhotite  a  mile 
and  a  half  south  of  Taylorsville.  It  is  briefly  described  on  page  115,  in 
connection  with  the  Crescent  Mills  belt. 

DEPOSITS  OF  COAL. 

In  the  Taylor  gravel  diggings  a  few  years  ago  a  bed  of  coal  was  laid 
bare  and  at  the  time  attracted  attention.  The  bed  is  about  5  feet 
thick,  lies  nearly  flat  beneath  the  auriferous  gravels  to  which  it 
belongs,  and  rests  directly  upon  the  upturned  edges  of  Jurassic 
sandstone.  On  the  north  side  it  is  cut  off  by  a  fault  and  ends  abruptly 
against  the  sandstone.  Southward  beneath  the  gravel  its  extent  is 
unknown,  but  can  not  be  great.  About  a  ton  of  coal  has  been  mined 
for  blacksmithing,  but  no  definite  local  demand  has  yet  resulted. 

Traces  of  coal  were  observed  also  east  of  Moonlight,  near  the  base  of 
the  great  deposit  of  auriferous  gravel  and  sand,  and  mark  an  epoch  of 
very  gentle  slope  at  the  beginning  of  the  auriferous  gravel  period. 
None  of  the  coal  is  of  economic  value. 

MINERAL  SPRINGS. 

Among  the  mineral  resources  of  the  Indian  Valley  region  are  several 
mineral  springs  on  the  main  road  from  Taylorsville  to  Quincy.  A  few 
himdred  yards  northeast  of  the  Arlington  Bridge  is  an  iron  spring 
of  moderately  cool  water  containing  some  free  carbon  dioxide  and 
carbonate  of  lime,  so  that  it  forms  a  mound  of  calcareous  tufa  deeply 
stained  or  completely  covered  with  oxide  of  iron.  Its  flow  is  about 
4  quarts  per  minute,  and  it  is  recommended  by  the  })eople  of  the 
vicinity  who  have  used  it  as  good  for  those  having  dyspepsia. 
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Between  Shoo  Fly  Bridge  and  Clear  Creek,  on  the  Quincy  road,  are 
two  soda  s})rings.  The  one  near  Shoo  Fly  is  clear  and  cool  and  rich  in 
carbonic  acid,  refresliing  many  a  passing  traveler;  the  other  is  less 
higlily  carbonated  and  has  more  iron.  Both  have  deposited  large 
masses  of  calcareous  tufa  on  the  steep  slopes.  Near  the  Shoo  Fly 
Bridge  the  tufa  looks  like  an  ordinary  limestone. 

The  hot  s])ring  near  Greenville,  said  to  be  locally  used  for  bathing 
in  case  of  rlieumatism,  was  not  examined. 

The  topographic  elements  of  the  north  end  of  the  Sierra  are  three 
fault  blocks  with  prominent  escarpments  to  the  east  and  long,  gentle 
slopes  to  valleys  along  their  western  borders. 

There  are  eighteen  sedimentary  formations  in  the  Taylorsville 
region,  of  which  six  are  Paleozoic,  nine  Mesozoic,  one  Tertiary,  and 
two  Quaternary.  The  oldest  is  Silurian  quartzite  with  some  lentils 
of  slate  and  of  limestone,  followed  in  regular  order  by  Devonian  slate 
and  a  great  succession  of  Carboniferous  strata  that  for  convenient 
consideration  may  be  separated  into  four  formations — Arlington, 
Shoo  Fly,  Peale,  and  Robinson — all  of  which  are  characterized  more 
or  less  fully  by  fossils.  The  first  tliree  embrace  a  large  part  of  the 
strata  which  form  the  Calaveras  of  the  gold  belt  folios. 

The  Triassic  has  two  formations  in  the  Taylorsville  region,  one  of 
limestone,  the  other  cliiefly  of  slate,  but  the  Pit  formation  and  vol- 
canic rocks  at  the  base  of  the  Triassic,  so  extensively  developed  in 
the  Redding  region,  do  not  appear  about  Taylorsville,  where  their 
horizon  is  represented  apparently  by  a  marked  imconformity. 

Tlie  Jurassic  is  unconformable  on  the  Triassic  and  is  made  up  of  a 
succession  of  seven  formations,  which  are  characterized  for  the  most 
part  by  abundant  faunas. 

Of  the  igneous  rocks  metarhyolite  is  the  oldest.  Its  effusion  prob- 
ably (hites  from  early  in  the  Siliu^ian,  certainly  earUer  than  the  time 
of  the  Grizzly  formation.  Volcanoes  were  especially  active  at  inter- 
vals in  the  Carboniferous,  giving  rise  to  three  extensive  masses  of 
meta-andesite.     They  were  active  also  in  the  early  Jurassic. 

About  the  close  of  the  Jurassic,  in  connection  with  the  compression 
and  doforniation  of  the  rocks  of  the  Sierra  Nevada,  the  greatest 
eruptive  masses  of  the  region  were  formed.  The  rocks  differ  mark- 
edly in  ty{)e  from  those  of  earlier  date.  While  the  earlier  ones  were 
prevailingly  volcanics,  effusive,  those  at  the  close  of  the  Jurassic 
were  intrusive,  some  of  them  coarse  granular,  likediorite  and  perido- 
tite,  while  others  were  fmer  grained,  forming  dikes. 

The  great  structural  features  developed  in  the  Taylorsville  region 
(luring  the  orogenic  e[)och  at  the  close  of  the  Jurassic  are  the  Grizzly 
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Mountains  anticline,  the  Mount  Jura  syncline,  and  the  Taylorsville 
fault.  The  Jurassic  strata  were  completely  overturned  toward  the 
east  and  then  faulted  by  an  overthrust — the  Taylorsville  fault — in 
the  same  direction. 

Following  the  epoch  of  igneous  intrusion  and  mountain  building 
which  made  the  Sierra  Nevada  a  prominent  range  came  one  of  long- 
continued  erosion,  for  the  Sierra  Nevada  has  ever  since  been  dry  land, 
exposed  to  vigorous  degradation.  The  earlier  records  of  this  degrada- 
tion are  not  yet  clearly  made  out,  but  the  later  ones  are  contained  in 
the  subsequent  Cretaceous  and  Tertiary  sediments  of  the  Sacramento 
Valley. 

Though  the  late  Cretaceous  sediments  lie  upon  the  western  base 
of  the  Sierra  Nevada,  they  do  not  form  a  considerable  part  of  the 
range.  The  first  post-Jurassic  rocks  involved  in  the  main  body  of 
the  northern  end  of  the  range  are  the  earlier  auriferous  gravels. 

The  long-continued  erosion  during  the  Cretaceous,  with  compara- 
tively Uttle  upheaval,  reduced  the  bold  orographic  features  formed 
at  the  close  of  the  Jurassic  to  gentle  slopes  and  gave  rise  to  w^hat 
Lindgren  has  designated  the  Cretaceous  peneplain.  A  small  differ- 
ential upUft  of  the  range  incised  the  old  peneplain.  In  the  course 
of  time  the  valleys  were  widened  and  filled  with  auriferous  gravel 
and  finally  covered  by  volcanic  flows. 

The  prevolcanic  portion  of  the  auriferous-gravel  period  is  repre- 
sented on  the  north  end  of  the  range  by  1,000  feet  of  deposits,  of 
which  the  lower  half  is  chiefly  residual  sand.  This  sand  originated 
in  the  gentle  slopes  of  the  region  when  disintegration  exceeded  trans- 
portation, and  the  auriferous  quartz  veins  were  set  free  and  gradually 
concentrated  by  the  removal  of  fine  material  until  the  rich  quartz 
gravels  of  the  earUest  stream  beds  now  preserved  were  formed.  The 
prevolcanic  portion  of  the  auriferous-gravel  period  was  long,  and  the 
drainage  of  the  Taylorsville  region  at  that  time  was  northward,  into 
the  water  body  which  then  filled  the  Lassen  Peak  depression  between 
the  Sierra  Nevada  and  the  Klamath  Mountains  and  received  sedi- 
ments of  the  entire  period. 

The  flora  of  the  early  auriferous  gravels  of  the  Taylorsville  region 
has  a  number  of  forms  that  occur  not  only  in  the  earlier  gravels  of  the 
western  slope  of  the  Sierra  Nevada  but  also  with  marine  shells  of 
Eocene  age  in  Oregon  and  support  the  suggestion  made  by  Lindgren 
that  the  earliest  prevolcanic  auriferous  gravels  are  at  least  in  part 
of  Eocene  age. 

The  condition  of  low  reUef  prevailed,  with  but  slight  changes  of 
level,  to  the  close  of  the  Tertiary,  when  the  Quaternary  was  initiated 
by  great  topographic  changes,  the  consequences  of  the  great  uplifting 
and  faulting  of  the  range. 
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CHIEF  COMMERCIAL  GRANITES  OF  MASSACHUSETTS, 
NEW  HAMPSHIRE,  AND  RHODE  ISLAND. 


By  T.  Nelson  Dale. 


INTRODUCTION. 

In  Bulletin  No.  313,  published  in  October,  1907,  by  the  United 
States  Geological  Survey,  the  granites  of  Maine  were  described  by  the 
writer  from  both  the  scientific  and  the  economic  standpoint.  The  de- 
sign of  the  present  work  is  to  extend  the  same  method  of  treatment  to 
the  granites  of  greatest  economic  importance  in  Massachusetts,  New 
Hampshire,  and  Rhode  Island.  These  are  the  granites  of  Milford, 
Quincy,  Rockport,  and  Becket  (near  Chester)  in  Massachusetts,  of 
Concord,  Milford,  and  Conway  in  New  Hampshire,  and  of  Westerly  in 
Rhode  Island.  In  addition  certain  granites  from  Auburn  and  Suna- 
pee  in  New  Hampshire  are  incidentally  considered.  The  granites  of 
Monson  and  Graniteville,  in  Massachusetts,  and  of  Troy,  in  New 
Hampshire,  and  of  several  other  places  in  the  three  States  named, 
will  be  taken  up  in  a  later  pubHcation.  Bulletin  No.  313  contains  a 
scientific  discussion  of  granite  adapted  to  the  general  reader,  and 
aJso,  in  its  economic  portion,  material  of  general  economic  interest. 
For  convenience  of  reference  those  parts  of  that  bulletin  are  here 
republished,  but  in  revised  form.  In  both  bulletins  some  purely 
scientific  matter  necessarily  appears  in  the  economic  part,  in  the 
geological  summary  which  prefaces  the  description  of  each  group  of 
quarries. 

The  field  work  upon  which  this  report  is  based,  involving  visits  to 
88  quarries,  was  done  in  1906.  The  petrographic  work  necessitated 
the  study  of  350  thin  sections.  The  writer  is  in(le])te(l  to  Dr.  Albert 
Johannsen,  of  the  United  States  Geological  Survey,  for  critical 
revision  of  his  determinations  of  the  minerals  of  these  sections,  and 
to  Messrs.  E.  C.  SulUvan,  George  Steiger,  and  W.  T.  Schaller,  chemists, 
of  the  Survey,  for  determinations  of  the  percentages  of  lime  soluble 
in  hot  dilute  acetic  acid  in  23  granites.  Miss  A.  T.  Coons,  of  the  Sur- 
vey, has  contributed  a  chapter  of  statistics  on  the  granite  produced 
at  the  centers  referred  to  and  in  the  States  named.  Prof.  Charles 
Palache,  of  Harvard  University,  has  consented  to  the  insertion  of  a 
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note  on  a  dike  at  Quincy.  Mr.  E.  W.  Branch,  C.  E.,  of  Quincy,  has 
allowed  the  reproduction  of  his  copyrighted  map  of  its  quarries. 
Information  as  to  the  general  geological  relations  of  the  various 
granites  has  been  obtained  from  works  on  local  geology  by  Emerson 
and  Peiry,  Shaler  and  Tarr,  Sears,  Crosby,  C.  H.  Hitchcock,  Kemp, 
and  Rice  and  Gregory.  These  are  quoted  or  referred  to  in  the  section 
preceding  the  descriptions  of  the  quarries  of  each  district. 

The  Rosiwal  method  of  estimating  mineral  percentages  has  been 
applied  to  all  the  types  of  granite  described.  These  types  wall  be 
found  defined  and  classified,  both  scientifically  and  commercially,  in 
the  table  on  pages  211-212,  which  is  followed  by  a  section  on  their 
relative  commercial  values. 

The  numbers  of  the  specimens  described,  to  which  those  of  the  thin 
sections  correspond,  are  given,  so  that  the  descriptions  can  be  verified 
by  consulting  the  collections  at  the  National  Museum.  All  these 
specimens  have  been  prepared  from  blocks  selected  by  the  foremen 
or  superintendents. 

Such  scientific  terms  as  have  unavoidably  been  used  are  explained 
in  the  glossary  at  the  end,  where  also  some  of  the  quarrymen's  terms 
are  made  intelligible  to  the  general  or  scientific  reader. 

The  names  applied  to  the  various  granites  in  this  report  are,  with 
a  few  exceptions,  merely  local  or  trade  designations.  Their  employ- 
ment in  this  economic  bulletin  does  not  affect  the  standing  of  any 
particular  name  as  a  geologic  formation  name. 


PART  I.— SCIENTIFIC  DISCUSSION. 
GENERAL.  FEATURES. 

GRANITE  PROPER. 
DEFINITION. 

Granite,  in  a  general  sense,  is  essentially  an  entirely  crystalline 
igneous  rock,  consisting  mainly  of  quartz,  potash  feldspar,  and  a 
feldspar  containing  both  soda  and  lime,  also  of  a  small  amount  of  either 
white  or  black  mica  or  both,  and  sometimes  of  hornblende,  more 
rarely  of  ailgite,  or  both.  Where  granite  has,  subsequent  to  its  crys- 
tallization, been  subjected  to  pressure  sufficient  to  produce  a  par- 
allelism in  the  arrangement  of  its  minerals — that  is,  a  schistosity — it 
is.no  longer  a  true  granite,  but  a  gneiss  or  granite  gneiss;  a  sedi- 
mentary rock,  however,  in  becoming  crystalline  may  resemble  a 
granite  gneiss  and  is  called  a  sedimentary  gneiss. 

ORIGIN. 

Granite  is  now  regarded  as  the  product  of  the  slow  cooling  and 
crystallization  of  molten  glasslike  matter  at  a  dull-red  heat — matter 
which  contained  superheated  water,  and  was  intruded  from  below 
into  an  overlying  mass  of  rock  of  sufficient  thickness  not  only  to  pre- 
vent its  rapid  cooling  and  its  general  extrusion  at  the  surface,  but  also 
to  resist  its  pressure  by  its  own  cohesion  and  powerfully  to  compress 
it  by  its  own  gravity.  As  carbonic  acid  can  be  liquefied  only  under 
pressure,  its  presence  in  liquid  form  within  some  of  the  microscopic 
cavities  in  the  quartz  of  granite  is  alone  evidence  that  the  rock  was 
formed  under  pressure.  That  the  temperature  at  which  granite 
solidified  was  comparatively  low  has  l)een  inferred  from  the  fact  that 
it  contains  minerals  which  lose  their  physi(^al  properties  at  tempera- 
tures higher  than  dull-red  heat.  The  relations  of  the  mineral  con- 
stituents of  granite  to  one  another  show  the  order  in  which  they  must 
have  crystaUized.  This  order  difl^ers  from  that  in  which  they  would 
crystallize  if  molten  in  a  dry  state,  but  lal)()ratory  exj>eriments  have 
shown  that  the  presence  of  even  a  small  quantity  of  water  suffices  to 
change  that  order  of  crystallization.  The  presence  of  superheated 
water  in  the  formation  of  granite,  inferred  from  the  arrangement  of 
its  minerals,  and  the  pressure  indicated  from  a  study  of  the  contents 
of  the  microscopic  cavities  of  its  quartz  show  that  the  conditions 
requisite    to  its  formation  included  not  only  the  pressure  of  a  great 
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overlying  mass  of  rock  but  also  powerful  expansive  pressure  from 
below.  Had  this  molten  matter  been  extruded  at  the  surface  it 
would  have  cooled  so  rapidly  that  but  few  of  its  constituent  mole- 
cules would  have  had  time  to  arrange  themselves  in  geometric  order. 
The  process  of  crystallization  would  have  been  arrested  by  the  sudden 
passage  of  the  material  into  the  solid  state  and  the  product  would 
have  been  a  volcanic  glass  somewhat  resembling  that  which  forms 
cliffs  in  Yellowstone  National  Park.  In  granite,  however,  the  mass 
has  cooled  slowly  enough  to  permit  the  complete  crystallization  of 
the  originally  molten  glasslike  matter,  and  no  unarranged  molecules 
remain. 

The  overiying  rock  mass  which  furnished  so  large  a  part  of  the 
pressure  required  to  form  granite  has  at  many  places  been  removed 
from  it  by  erosive  processes  that  operated  through  great  stretches  of 
time.  Indeed,  it  is  only  by  the  removal  of  this  mass  that  granite  is 
anywhere  naturally  exposed.  Although  this  mass  may  have  measured 
thousands  of  feet  in  thickness,  its  former  presence  is  at  some  places 
attested  only  ])y  a  thin  capping  on  the  granite  or  by  fragments  which 
the  lacerating  action  of  the  intruding  granite  has  incorporated  into 
itself. 

The  lacerating  effect  of  an  intrusive  eruption  and  the  subsequent 
erosion  of  some  of  the  overlying  strata  have  been  reproduced  experi- 
mentally. **  The  conversion  of  granite  itself  back  into  a  material 
which  upon  cooling  under  ordinary  conditions  has  proved  to  be  a 
glass,  has  been  effected  in  the  laboratory,  and  the  chief  mineral  con- 
stituents of  granite  have  been  artificially  crystallized  at  high  tem- 
perature in  the  presence  of  water  vapor  under  high  pressure,  but  the 
conditions  requisite  for  the  production  of  a  granitic  rock  from  its 
chemical  constituents  have  not  yet  been  successfully  imitated. 

Some  granite  shows  locally  a  certain  alignment  of  its  mica  plates 
and  feldspars,  due  to  the  flow  of  the  mass  while  it  was  in  a  plastic 
state — a  structure  which  was  probably  controlled  by  the  pressure  and 
form  of  the  bordering  rock.  This  ''flow  structure''  should  not  be 
confounded  with  the  schistosity  which  is  due  to  later  pressure  and 
which  also  involves  mineral  changes  and  is  usually  regional  rather 
than  local  in  extent. 

The  <i^reat  diirerences  in  the  grade  of  texture  in  granites — the  min- 
eral particles  ranging  from  an  average  diameter  of  one-fiftieth  inch 


(I  Ilowf.  JCriH'st,  Twonty-first  Ann.  Rcpt.  U.  S.  Cool.  Sunoy,  pt.  3.  pp.  294-296,  PI.  XLIII.  Reyer, 
of  the  Austrian  (JoolD^ncal  Siirvry,  hasilluslratfd  a  ^Taiiite  hit  rusion  l>y  this  simple  experiment:  Upon  a 
laMf'a  frame  of  clay,  say  2  inches  thick,  is  constructed  about  a  s(iuarc  pit^-o  of  board  1  inch  thick.  Aft^r 
rem()\iii^'  tlie  l>oar(|  a  mixture  of  medium  thick  piaster  and  rod  coloring  matter  is  poured  Into  the 
inclosure.  'Ihe  surface  of  the  red  plaster  is  then  si)rlnkled  with  a  layer  of  white  plaster  powder.  After 
making  a  lens-shape<i  perforation  in  the  center  of  the  board  it  is  again  fitted  into  the  frame  and  pressed 
against  the  re.l  and  white  layers  until  the  white  jtlaster  exudes  through  the  opening,  and  afterv^'ards 
the  nil  intrudes  the  white.  The  malerials  are  allowed  to  harden  and  are  then  sawn  to  show  the  struc- 
ture. See  lleyer,  Ivl..  Tektonik  der  (Jranit  KrgQ.sse  von  Neudcck  und  Carlsbad,  etc  Jahrb.  K.-k.  geol. 
lieichsunstalt,  vol.  1^9,  1879,  pp.  432-433,  fig.  0. 
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(0.50  mm.)  and  even  0.0069  inch  (0.175  mm.)  to  over  half  an  inch — 
is  attributed  to  differences  in  the  rate  of  cooling.  The  portions  at 
the  mai^in  of  the  mass,  which  cooled  rather  quickly,  crystallized  in 
very  small  crystals,  while  the  central  portions,  which  cooled  more 
gradually,  became  coarsely  crystalline. 

MENERALOGICAL   COMPOSITION. 

Feldspar  is  the  most  conspicuous  and  generally  the  most  abundant 
mineral  in  granite.  By  its  color  or  colors  it  usually  determines  to  a 
large  extent  the  general  color  of  the  rock;  and  by  the  light  which  it 
reflects  it  causes  also  its  brilliancy.  It  is  easily  distinguished  from 
the  other  constituents  by  its  smooth  cleavage  surfaces  and  milky, 
bluish  white,  or  opalescent,  or  reddish,  brownish,  or  greenish  color. 
Granite  usually  contains  two  kinds  of  feldspar,  the  most  abundant  of 
which  is  generally  potash  feldspar,  a  silicate  of  alumina  and  potash. 
This  occurs  in  one  of  two  crystal  forms,  orthoclase  or  microcline,  or 
in  both,  which,  however,  can  be  distinguished  only  by  means  of  the 
microscope.  The  other  feldspar  (plagioclase),  containing  both  soda 
and  lime,  although  it  may  be  of  the  same  color  as  the  potash  feldspar, 
can  often  be  distinguished  from  it  by  the  very  fine  parallel  lines  on 
its  surface.  Usually  it  differs  greatly  in  color  from  the  first.  The 
potash  feldspar  may  be  reddish  or  brownish ;  the  plagioclase  may  be 
white  or  greenish.  Under  the  microscope  the  soda-lime  feldspar  can 
be  readily  distinguished  from  the  potash  feldspar  by  its  behavior  in 
polarized  light,  which  brings  out  its  crystalline  structure  and  indi- 
cates its  particular  variety  and  approximate  chemical  composition. 
A  granitic  rock  that  contains  the  two  feldspars  in  equal  proportions 
is  distinguished  by  a  special  technical  name. 

Quartz  (silica),  the  next  most  abundant  constituent,  is  readily 
known  by  its  glassy  luster,  uneven  fracture,  and  brittleness.  It  may 
be  colorless,  bluish,  opalescent  or  amethystine,  or  smoky.  The  quartz 
in  the  rock  determines  in  some  measure  its  shade.  The  vitreousness 
of  the  quartz  greatly  affects  the  granite. 

The  next  most  abundant  constituent  of  granite  is  mica,  which  is 
present  in  two  forms — the  white  (muscovite,  or  potash  mica),  essen- 
tially a  silicate  of  alumina  with  potash,  soda,  and  ferrous  oxide,  and 
the  black  (biotite,  or  magnesia  mica),  essentially  a  silicate  of  alumina 
with  potash,  magnesia,  and  both  ferric  and  ferrous  oxide.  Granite 
may  contain  one  or  both  of  these.  The  dimensions  and  number  of  the 
scales  of  black  mica  largely  determine  the  shade  of  many  granites. 

Hornblende,  a  constituent  of  many  granites,  although  greenish 
(rarely  bluish),  may  appear  as  dark  as  the  black  mica,  but,  unlike 
that  mineral;  it  does  not  split  into  scales.  Augite  and  hornblende 
resemble  each  other  so  closely  when  in  minute  particles  that  they  can 
be  distinguished  only  by  means  of  the  microscope.     Both  may  occur. 
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In  addition  to  these  more  important  minerals,  others  are  usually 
present  in  minute  or  microscopic  quantities.  Some  of  these,  kaolin, 
sericite  (a  potash  mica  or  muscovite),  chlorite,  epidote,  zoisite,  and 
calcite,  as  well  as  paragonite  (soda  mica),  which  may  possibly  be 
present,  are  the  result  of  chemical  changes  in  the  feldspars  or  the 
biotite  or  hornblende  and  are  therefore  called  '* secondary.'*  Others — 
like  zircon,  apatite,  titanite,  rutile,  tourmaline,  fluorite,  garnet,  mag- 
netite, molybdenite,  ilmenite,  pyrite,  allanite — are  regarded  as  original 
"accessory  constituents."  Calcite  also  occurs  in  microscopic  quan- 
tity as  an  original  mineral  of  some  granites."  Of  these  minor  acces- 
sories, pyrite  (iron  disulphide)  and  calcite  (lime  carbonate)  alone  have 
economic  significance,  for  these  may  discolor  or  weaken  the  stone 
when  dissolved  or  oxidized  on  an  exposed  surface. 

The  chemists  of  the  United  States  Geological  Survey  have  treated 
10  granites  from  Maine  and  23  from  Massachusetts,  New  Hampsliire, 
and  Rhode  Island  with  hot  dilute  acetic  acid  and  find  that  the  Maine 
granites  contain  0.14  to  0.43  per  cent  of  CaCOg  (lime  carbonate)  and 
the  others  from  0.07  to  0.6  per  cent. 

During  the  preparation  of  the  bulletin  on  Maine  granites  and  of 
this  bulletin  the  following  accessory  minerals  have  been  detected: 
Garnet,  zircon,  titanite,  magnetite,  pyrite,  molybdenite,  fluorite, 
apatite,  allanite,  and  rutile;  also  the  following  secondary  minerals: 
Hematite,  limonite,  calcite,  kaolin,  muscovite,  paragonite  (probably) 
quartz,  hornblende,  riebeckite,  epidote,  and  zoisite. 

The  arrangement  of  the  important  minerals  in  the  stone  will  be 
described  under  the  heading  *' Texture." 

The  percentages  of  the  mineral  constituents  diflFer  within  wide 
limits  in  granites  from  different  localities.  The  percentage  of  mus- 
covite and  of  the  ferromagnesian  minerals  (biotite,  hornblende, 
augite)  is  always  small,  while  that  of  the  feldspar  and  quartz  is  lai^e. 
There  is  considerable  variation  in  the  relative  amounts  of  feldspar 
and  quartz  and  still  more  in  the  amounts  of  each  of  the  feldspars. 

CHEMICAL   COMPOSITION. 

The  chemical  composition  of  granite  is  of  less  scientific  and  eco- 
nomic signifu^ance  than  its  mineral  composition,  for,  although  chem- 
ical aiuilysis  sliows  tlie  percentages  of  the  constituent  elements,  the 
])n)(('ss  l)y  wliicli  these  are  determined  necessarily  mingles  the  ele- 
ments of  s(»veral  niiiiorals  whose  pro})orlions  vary  and  whose  con- 
tribution to  the  physical  properties  of  the  rock  differ  greatly.  Wlien, 
however,  a  combination  of  elements  occurs  only  in  one  or  two  of  the 
minerals  the  cluMnical  analysis  scarves  to  corroborate  the  evidence 
obtained  bv  microscopic  analysis. 


<»  Sec  Zirkt'l.  F'rtro^'Diphio.  vol.  2,  p.  1.'^,  and  Weiiischciik,  Abhaiidl.  Math.-pbys.  Classe,  k.  Bayer. 
Akad.,  vol.  18,  p.  730.  I'l.  V. 
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Many  analyses  of  granite  have  been  published,  but  it  will  suffice 
here  to  give  the  extremes  of  t];ie  percentages  shown  by  some  of  the 
more  important  of  these  and  to  refer  the  reader  to  works  containing 
complete  analyses.*  Four  analyses  of  granites  from  Scotland,  Ire- 
land, Italy,  and  Sweden  show  the  following  ranges:'^ 

Arialyses  of  Ev ropean  (jra n  itrs . 

SiOa  (silica) 70.  m-74. 82 

AI3O3  (alumina) 14. 8()-l().  40 

F^^aOa  (ferric  oxide) 10-  1.  G3 

FeO  (ferrous  oxide) 36-  1. 64 

MnO  (manganese  oxide) 00-    .  48 

MgO  (magnesia) 23-  1.00 

CaO(lime) -. 89-  2.47 

NaaO  (soda) .* . .     3. 51-  6. 12 

K2O  (potash) 3.55-  5.10 

Ten  analyses,  made  at  the  laboratory  of  the  United  States  Geo- 
logical Survey,  of  granites  from  Arizona,  California  (2),  Colorado 
(4),  Maryland,  Michigan,  and  Montana,  show  the  following  ranges  r^ 

Analyses  of  American  granites. 

SiOj  (sQica) 66. 68-77. 68 

AI3O3  (alumina) 11. 63-16. 38 

FejOa  (ferric  oxide) 00-  1 .  66 

FeO  (ferrous  oxide) 09-  3. 32 

MgO  (magnesia) 04-  2.19 

CaO(lime) 12-  4.89 

NaaO  (soda) 2. 36-  5. 16 

KjO  (potash) 1.87-  6.50 

TiOj  (titanium  dioxide) 07-    .  45 

PjOj  (phosphoric  acid) Trace-    .  10 

The  average  of  21  analyses  of  even-grained  Georgia  granites  made 
by  Watson^  yield  the  following  percentages: 

Analyses  of  (ieonjia  granites. 

SiOj  (silica) ^69. 97 

AlaOs  (alumina) 16. 63 

FejO,  (ferric  oxide) 1 .  28 

CaO(lime) 2.13 

MgO  (magnesia) 55 

NaaO(soda) 4.73 

KaO  (potash) 4.71 

One  hundred  and  thirty-seven  analyses  of  Swedish  granites  will  be 
found  arranged  in  a  continuous  table  in  a  recent  work  of  Ilolmquist.-^ 

•  See  Waehlngton,  H.  S.,  Prof.  Papors  i:.  S.  Oeol.  Siir\'oy  Nos.  14,  10(«,  and  2x,  1904;  also  Clarke, 
P.  W.,  BulL  U.  8.  GeoL  Survey  No.  22s.  11)04. 

»  Oeikie,  Ardiibald.  Text-book  of  Geology,  4th  ed.,  vol.  1,  London  ^\m,  p.  207. 

c  See  BulL  U.  8.  OeoL  Sim-ey  No.  228,  p.  54,  analysis  D;  p.  1U7.  analysis  I);  p.  231.  analysis  A;  p.  232, 
AOAlyila  A;  p.  186^  aniilysis  B;  p.  Kil,  analyses  A,  C,  F;  ]>.  7x,  analysis  A;  p.  145.  analysis  C. 
d  Wateon,  Thomas  L.,  Bull.  Georgia  Geol.  Survey  No.  9-A,  \W1,  p.  241. 

•  Bxtraniee  6&SS-72JS6. 

/  Holmqilist.  P.  J.,  Studien  ttber  die  (Jranite  von  Schweden:  Bull.  Geol.  Inst.  Univ.  U\)salw,V VV, \^q%, 
li  «Dd  H  1904-4^  pp.  77-360.    Upsalu,  11K». 


14  COMMERCIAL  GRANITES  OF   MASS.,  N.   H.,  AND  B.  I. 

It  should  be  noted  that  in  all  these  analyses  most  of  the  lime  is  to 
be  attributed  to  the  lime-soda  feldspar  and  nearly  all  the  rest  of  it  to 
apatite  (lime  phosphate),  or  to  hornblende  and  augite  when  these  are 
present. 

It  is  of  interest  to  note  in  this  connection  that  certain  Scotch  and 
Irish  granites  contain  from  1.6  to  2.8  volumes  of  gas  per  volume  of 
rock.  This  gas  is  inclosed  in  microscopic  cavities  within  the  minerals, 
and  in  the  Scotch  granite  consists  of  carbon,  oxygen,  hydrogen,  and 
nitrogen  in  the  following  combinations  and  proportions:  CO,,  23.60; 
CO,  6.45;  CH„  3.02;  N^,  5.13;  II^,  61. 68."  These  gases  are  probably 
present  in  all  granites. 

TEXTURE. 

Definition. — By  the  texture  of  the  rock  is  to  be  imderstood  those 
characteristics  which  are  apparent  on  its  surface,  or,  more  exactly, 
the  forms  and  mutual  relations  of  its  minerals  as  seen  without  and 
with  a  microscope. 

Character  and  grade. — ^The  most  important  feature  of  granite  is 
the  character  of  its  grain.  Some  granites  are  even  grained;  others 
contain  more  or  less  thinly  disseminated  and  complete  crystals  of 
feldspar  in  a  mass  of  finer,  even-grained  material — that  is,  they 
show  what  is  called  porphyritic  texture.  The  next  most  important 
feature — perhaps  more  important — is  the  relative  coarseness  or  fine- 
ness of  grain  in  an  even-grained  granite.  Three  grades  of  texture 
of  this  sort  may  be  distinguished:  (1)  Coarse j  in  which  the  feldspars 
generally  measure  over  1  cm.,  or  two-fifths  inch;  (2)  mediunij  in 
which  they  measure  under  1  cm.  (two-fifths  inch)  and  over  0.5  cm. 
(one-fifth  inch);  (3)  finey  in  which  they  measure  under  0.5  cm.  (one- 
fifth  inch).  In  sonic  coarse-grained  granites  the  feldspars  measure 
one  or  several  inches,  and  in  some  fine-grained  ones  all  the  particles 
range  from  0.25  mm.  to  1  nun.  (cme  twenty-fifth  inch)  in  diameter, 
-and  some  average  as  low  as  0.50  mm.,  or  one-fiftieth  inch.  Extremely 
fine  ones  average  0.175  mm.,  or  about  seven  one- thousandths  inch. 

Forms  of  minerah, — Even  without  the  aid  of  the  microscope  it  will 
be  noticed  that,  except  in  granites  of  porphyritic  texture,  the  minerals 
rarely  attain  their  complete  crAstalline  form.  They  have  interfered 
with  one  another's  growth.  It  will  also  be  noticed  that  some  of  the 
crvstals  of  feldspar  in  some  granites  are  surrounded  by  a  border  of  a 
different  feldspar.  Tluis  a  red  feldspar  may  be  bordered  by  a  white 
or  j^n-eenish  one,  or  vice  versa.  Either  of  these  may  be  the  potash 
fel(ls])ar  and  the  other  a  soda-lime  felds])ar.  It  will  also  be  noticed 
that  man}'  of  th(»  felds])ars  are  not  simple  incomplete  or  complete 
crvstals,  hut  ''twins/'  having  the  cleavage  planes  in  one  half  at  a 
diff'erent  angle  from  those  in  the  other  half,  so  that  when  held  in  the 
sunlight  only  one  half  will  reflect  the  light  in  one  position. 


«  TiMvn,  \V.  II.,  IToc  Koy.  Soe.  LoikIuii,  vol.  r»0,  No.  300,  Fob.  20,  1897,  pp.  454,  45S. 
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Arrangement  of  minerals, — ^A  polished  surface  of  any  medium  or 
coarse-grained  granite  shows  that  the  quartz  fills  up  the  spaces 
between  the  feldspars — that  is,  was  formed  after  them — also  that 
both  feldspars  and  quartz  inclose  particles  of  mica,  etc.,  which  must 
therefore  have  crystalUzed  before  them.  Under  the  microscope  the 
arrangement  of  the  minerals  is  found  to  be  such  that  they  must 
usually  have  crystallized  in  the  following  order:  Magnetite,  pyrite, 
apatite,  zircon,  titanite,  hornblende,  biotite,  muscovite,  the  feld- 
spars, and,  last  of  all,  the  quartz.  It  should  be  noted,  however,  that 
many  of  the  feldspar  crystals  contain  intergrown  quartz,  so  that 
some  of  the  quartz  must  therefore  have  crystallized  at  the  same  time 
as  the  feldspar.  The  structure  of  the  potash  feldspar  in  some 
granites  is  very  intricate,  as  it  contains  microscopic  intergrowths  of 
a  lime-soda  feldspar,  both  having  evidently  crystallized  at  the  same 
time  or  in  close  alternation.  Also,  as  stated  above,  the  potash  feld- 
spar may  be  rimmed  with  soda-lime  feldspar,  or  vice  versa. 

PHYSICAL   PROPERTIES. 

Granite  derives  its  physical  properties  from  its  mineralogical  con- 
stitution, particularly  from  its  large  content  of  feldspar  and  quartz, 
and  from  its  texture.  Among  these  physical  properties  the  most 
important  are  weight,  cohesiv^ness,  elasticity,  flexibility,  hardness 
expansibiUty,  porosity,  and  vitreousness.  Each  of  these  qualities  will 
be  taken  up  in  the  order  in  which  they  are  here  stated. 

Weight — In  order  to  establish  a  fixed  standard  the  weight  of  a 
rock  is  compared  to  that  of  an  equal  volume  of  distilled  water.  The 
weight  thus  determined  is  called  its  specific  gravity.  The  specific 
gravity  of  granite  ranges  from  2.593  to  2.731.  The  average  of  these 
extremes  is  2.662,  which  is  equivalent  to  2  long  tons,  or  4,480  pounds, 
to  the  cubic  yard,  or  about  165  pounds  to  the  cubic  foot.  Geikic** 
calls  attention  to  the  change  in  the  weight  of  granite  when  immersed 
in  sea  water,  as  given  by  Stevenson.^  A  red  granite  having  a  s])e- 
cific  gravity  of  2.71,  or  13.2  cubic  feet  to  the  ton  in  air,  \nH  in  sea 
water  of  a  specific  gravity  of  1.028  measure  21.30  cubic  feet  to  the  ton. 

Collusiveness. — The  amount  of  cohesiveness  of  a  rock  is  ascertained 
by  determining  its  crushing  strength — that  is,  the  weight  in  pounds 
required  to  crush  it  or  to  destroy  its  cohesion.  The  ultimate  com- 
pressive strength  of  granite  ranges  from  about  15,000  to  43,973 
pomids  per  square  inch,^  but  the  usual  range  is  from  18,000  to  34,000 
pomids.  Herrmann*'  gives  the  crushing  strength  of  European  gran- 
ites as  ranging  from  1,100  to  over  3,000  kilograms  per  square  centi- 
meter. 

•  Text-book  of  Oeolcgy,  4th  ed.,  p.  568. 
kSteveiuoii,  T.,  Harbours,  p.  107. 

»  These  extremes  are  from  Wisconsin  granites.    Sec  Buckloy,  Ernest  B.,  On  the  building  and  orna- 
mental ttones  of  Wisconsin :  Bull.  Wisconsin  (leoi.  niul  Nat.  Hist.  Survey,  No.  4,  pp.  3Gl,a'J(J. 
'Hermuum,  O..  Steinbruchindustrie  und  Steinhnichgeologie.  p.  4^. 
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Elasticity. — ^Tests  made  at  the  United  States  Arsenal  at  Water- 
town,  Mass.,  to  determine  the  compressive  elasticity  of  specimens  of 
granite  from  Arkansas,  Connecticut,  Maine,  Minnesota,  and  New 
Hampshire,  show  that  specimens  of  granite,  in  a  gaged  length  of 
20  inches  and  a  diameter  of  5.5  inches  at  the  middle,  when  placed 
under  a  load  of  5,000  pounds  to  the  square  inch,  suffered  compression 
ranging  from  0.0108  to  0.0245  inch,  resulting  in  a  lateral  expansion 
ranging  from  0.005  to  0.007  inch,  and  giving  ratios  of  lateral  expan- 
sion to  longitudinal  compression  ranging  from  1 :  8  to  1 :  47." 

Flexibility, — Although  granite  contains  a  large  amount  of  brittle 
material  (estimated  at  from  30  to  60  per  cent)  and  the  interlocking  of 
its  various  particles  give  to  it  great  cohesion  and  rigidity,  yet  in  sheets 
of  sufficient  thinness  and  areal  extent  it  is  flexible.  Sheets  half  an 
inch  thick  and  4  feet  long  may  be  bent,  as  noted  in  the  description 
of  the  Lawton  quarry,  at  Norridgewock,  in  Bulletin  No.  313,  page 
151.  Whether  flexibiUty  in  this  case"  was  conditioned  upon  a  sUght 
loosening  of  the  grains  by  chemical  and  physical  change  is  uncertain. 

Hardness. — As  will  be  seen  by  reference  to  the  tests  for  hardness 
described  on  page  66,  granites  differ  greatly  in  hardness.  This  dif- 
ference is  due  not  merely  to  differences  in  the  percentage  of  quartz, 
but  also  to  variations  in  the  character  of  the  feldspars. 

Ex2>ansihility. — The  expansibility,  of  granite  has  been  variously 
tested.  Bartlett^  found  that  a  piece  of  granite  coping  5  feet  long, 
under  the  effect  of  a  winter  temperature  of  0°  F.  and  a  summer  tem- 
perature of  96""  F.,  expanded  0.027792  inch,  or  0.000004825  inch 
per  inch  for  each  degree.  The  ordnance  department  at  the  Water- 
town  Arsenal*^  tested  the  granites  referred  to  under  the  heading 
^'Elasticity,^^  and  found  that  slabs  of  gaged  lengths  of  20  inches  in 
passing  from  a  cold-water  bath  at  32°  F.  through  a  hot-water  bath 
at  212°  F.,  and  back  again  to  cold  water  at  32°  F.,  expanded  from 
0.0017  to  0.0059  inch,  averaging  0.0040  mch. 

Porosity. — Granite  contains  and  absorbs  water,  which  is  held  in 
microscopic  spaces  both  within  and  between  its  constituent  minerals. 
iViisted'^  states  that  granite  generally  contains  about  0.8  per  cent  of 
water  and  is  capable  of  absorl)ing  about  0.2  per  cent  more.  In  other 
words,  a  cubic  yard  of  granite  weighing  2  tons  contains  in  its  ordi- 
nary state  about  81  gallons  of  water  and  can  absorb  nearly  a  gallon 
more  on  being  placed  in  pure  water  for  a  short  period.  Buckley' 
found  tliat  tlie  pore  s])ace  or  porosity  in  fourteen  Wisconsin  granites 

1  Report  (^f  the  tosts  of  metals,  etc..  made  with  the  United  States  testing  machine  at  Watertown 
Arsenal.  Mass.  (is't:,),  1S^H,,  pp.  ■Xi'^  ;{4^. 

'»  BarthMt.  Wm.  ('.,  Experiments  on  the  e.\{»ansion  and  contraction  of  building  stones  by  variation 
of  temi.eralun'.:  Am.  .lour.  Sci.,  1st  ser.,  vol.  2-2.  KVJ,  pp.  13<>-140. 

c  Op.  cit..  p.  ;e2. 

d  Ansted,  D.  T.,  <piote(l  hy  Kdward  Hull  in  A  treatise  on  building  and  onutmental  stones  of  Great 

I^ritain  and  fonMjzn  e(»untries,  lvS72,  p.  30. 
f-  Op.  cit.,  p.  400, 
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ranges  from  0.17  to  0.392  per  cent,  and  that  the  ratio  of  absorption 
(percentage  of  weight  of  absorbed  water  to  the  average  dry  weight 
of  the  sami?^e)  of  the  same  granites  ranges  from  0.17  to  0.50.  Mer- 
rill^ has  shown  that  certain  Maryland  granites  absorb  from  0.196  to 
0.258  per  cent  of  water  after  drying  twenty-four  hours  at  212°  F. 
and  then  being  immersed  for  twenty-four  hours. 

Vitreousness. — The  vitreousness  of  granite  is  due  to  that  of  its  con- 
tained quartz.  Under  extreme  changes  of  temperature,  as  in  a  city 
fire,  where  water  is  thrown  on  the  stone,  granite  exfoliates  badly. 
This  exfoliation  or  sheUing  is  attributable  to  the  unequal  expan- 
sion or  contraction  of  its  outer  and  its  inner  portions  under  sudden 
changes  of  temperature.  It  is  also  probably  connected  with  the 
vitreousness  of  the  quartz,  and  possibly  also  in  a  measure  with  the 
liquids  contained  in  microscopic  cavities  of  the  quartz.  The  unequal 
expansive  ratios  of  the  different  constituent  minerals  would  result  in 
general  disintegration,  not  in  exfoliation. 

Buckley  ^  subjected  2-inch  cubes  of  five  Wisconsin  granites  to  high 
temperature  tests  and  found  that  they  were  all  destroyed  at  1,500°  F. 
One  of  them  cracked  at  1,000°;  two  others  began  to  disintegrate  at 
1,200°.  The  most  notable  change  was  that  ^'when  struck  with  a 
hammer  or  scratched  with  a  knife  they  emitted  the  sound  pecuUar  to 
a  burnt  brick."  Cutting  *^  apphed  a  fire  test  to  granites  from  eighteen 
quarries  in  Maine,  Maryland,  Massachusetts,  Minnesota,  New  Hamp- 
shire, Vermont,  and  Virginia,  with  the  result  that  after  saturation 
they  all  stood  a  temperature  of  500°  F.  without  damage,  but  showed 
the  first  appearance  of  injury  at  700°-800°  and  were  rendered  worth 
less  at  900°-l,000°.  Twenty-three  sandstones  subjected  to  the  same 
tests  showed  the  first  appearance  of  injur\'  at  800°-900°  and  became 
worthless  at  950°-l,200°.  His  general  results  agree  with  those  of 
experience  as  to  the  relative  fire  endurance  of  granite  and  sandstone.** 
The  behavior  of  granite  under  ver}'  high  temperature  is  not  attrib- 
utable to  any  one  physical  propert3\  The  physical  properties  of 
granite  are  further  discussed  in  Part  II,  under  the  heading  ''Tests 
of  granite"  (pp.  65-68). 

CLASSIFICATION. 

The  varieties  of  granite  are  so  numerous  that  for  either  scientific 
or  economic  purposes  thej"  need  to  be  classified. 

ScierUi/ic  classification. — For  scientific  purposes  granites  may  ])e 
classified  according  to  their  less  essential  mineral  constituents — 
mica,  hornblende,  and  augite.     Thus  a  granite  containing  white  mica 

•  Merrin,  O.  P.,  ICaryland  Geol.  Sun-ey,  vol.  2,  pp.  94,  ai. 
»Op.cit.,p.411. 

e  Catting,  HInun  A.,  Sixth  Kept.  Agric.  Vermont,  1880,  pp.  47-54;  also,  Durability  of  building 
stone:  Am.  Jour.  Sd.,  3d  ser.,  vol.  21, 18S1.  p.  410. 
4  ]ienfll»  O.  P.,  Stones  for  building  and  decoration,  p.  435. 
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is  termed  a  muscovite  granite;  one  containing  black  mica,  a  biotite 
granite ;  one  containing  both,  a  muscovite-biotite  granite.  A  granite 
containing  black  mica  and  hornblende  is  called  a  biotit>homblende 
granite.  Granites  may  also  be  classified  according  to  both  their 
mineral  and  their  chemical  composition.  These  two  form  the  basis 
of  the  latest  classification  of  igneous  rocks,  which  is  too  complex  to 
be  outlined  here." 

Economic  classification. — For  economic  purposes  granites  may  be 
classified  first  as  to  texture — as  even  grained,  or  porphyritic,  or  as 
coarse,  medium,  or  fine,  according  to  the  scale  given  on  page  14. 
Those  of  extra  coarse  or  extra  fine  texture  can  be  distinguished  by 
the  prefix  very.  This  scale  gives  five  grades  of  texture.  Granites 
should  also  be  classified  as  to  general  color  and  shade — as  pinkish, 
reddish,  lavender,  or  gray  or  warm  gray  (that  is,  a  gray  showing  the 
presence  of  a  slight  reddish,  reddish-purplish,  or  yeUowish  tinge), 
and  as  dark,  medium,  or  fight;  and  the  dark  and  light  gray  may  be 
modified  by  prefixing  the  word  very.  They  may  be  further  classified 
and  designated  by  the  colors  of  their  most  conspicuous  minerals j  the 
feldspars,  quartz,  and  mica.  A  stone  may  thus  be  called  a  coarse, 
even-grained,  warm-gray  granite,  with  lavender  and  white  feldspars, 
smoky  quartz,  and  black  mica;  or  another  may  be  called  a  fine,  even- 
grained,  very  light  gray  granite,  with  white  feldspar,  clear  quartz, 
and  l)oth  white  and  black  mica.  Lastly,  fhey  may  be  classified  by 
their  uses — as  constructional,  monumental,  inscriptional,  polish,  or 
statuary  granites.  This  scheme  of  classification  will  suflSce  for 
ordinary'  economic  purposes.  The  outline  of  an  exhaustive  technical 
description  of  any  granite  can  be  constructed  from  the  tests  enumer- 
ated on  pages  65-68. 

GENERAL    STRUCTURE. 

The  term  '^structuro"  embraces  all  the  divisional  planes  that  trav- 
erse the  rock.  Tlu^se  occur  at  intervals  ranging  from  a  microscopic 
distance  to  one  measured  by  scores  of  feet,  and  either  cross  or,  very 
rarely,  give  a  course  to  the  texture  resulting  from  crystallization. 

FLOW    STRUCT  ITRE. 

When*  two  varieties  of  granite  li(*  in  contact,  as  at  Redstone,  N.  H. 
(}).  177),  the  (livichnii:  linel)etween  them  indicates  the  direction  of  their 
ilow,  for  the  same  reason  that  tlie  course  of  the  flow  of  a  stream  would 
])c  >ho\vn  ])}'  tlie  demarcation  l)etween  its  water  and  that  of  a  muddy 
tril)ntary  a  little  l)eh)\v  their  junction.  In  some  places  this  direction 
is  al>o  iiuhcated  hy  streaks  or  sh(M»ts  of  mica  scales  parallel  to  the 
direction  of  the  hue  het\v(HMi  tin*  granites.     Such  streaks,  therefore, 


"  Sec  Cross,  I-Miii-s.  I'lrssoii,  NN'ashiii^'ton.  (pliant itativo  ClassifuMtion  of  Igneous  Rocks  base*!  on 
(  liciiiK  m1  aii«l  Mineral  clia  factors,  with  ;i  Systematic  NoiiuMielatiire,  Chicago,  1903;  also  Jour.  Geolt^. 

voL  U),  V.HC,  \>\).  .>>"»ct  sc'(}. 
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when  alone  are  regarded  as  indicating  flow  structure.  They  may  be 
inchned  at  all  angles  or  be  in  horizontal  undulations  with  axes  pitching 
10°  to  40°.  In  some  Massachusetts  and  New  Hampshire  quarries 
the  structure  is  parallel  to  the  surface  of  the  granite  at  its  contact 
with  overlying  rocks,  or  surrounds  in  parallel  bands  the  surface  of 
lai^e  inclusions.  (See  pp.  62,  109,  and  fig.  5.)  Flow  structure  also 
is  conspicuous  in  the  granite  of  Milford,  Mass.,  and  in  some  of  the 
quarries  of  Milford,  N.  II.  (See  pp.  77,  158.)  The  very  local  char- 
acter of  such  structural  features  indicates  that  they  are  not  due 
to  pressure  which  affected  the  entire  region,  but  that  they  originated 
while  the  granite  masses  were  still  plastic.  A  granite  that  exhibits 
flow  structure  is  called  by  some  writers  a  flow  gneiss. 

RIFT  AND   GRAIN. 

The  rift  in  granite  is  a  feature  of  considerable  scientific  interest 
and  of  much  economic  importance.  It  is  an  obscure  microscopic 
foliation — either  vertical,  or  very  nearly  so,  or  horizontal — along 
which  the  granite  splits  more  easily  than  in  any  other  direction. 
The  grain  is  a  foliation  in  a  direction  at  right  angles  to  tliis,  along 
which  the  rock  splits  with  a  facility  second  only  to  that  of  the  frac- 
ture along  the  rift.  After  a  little  experience  an  observer  can  detect 
the  rift  with  the  unaided  eye,  where  it  is  marked. 

The  earUest  mention  of  rift  in  geological  literature  appears  to  be 
that  by  J.  F.  W.  Charpentier*  in  1778,  who  noticed  that  granite  mill- 
stones which  were  cut  with  their  largest  diameter  parallel  to  the  rift 
were  much  more  readily  worn  than  those  cut  at  right  angles  to  it, 
that  is,  parallel  to  the  ''hard  way.'^  He  attributed  this  to  a  parallel 
arrangement  of  the  mineral  particles.  The  next  reference  to  rift  is 
by  Potsch*  in  1803,  who  described  it  in  the  granites  of  Lausitz,  in 
Saxony.  In  1833  it  was  referred  to  by  Enys  and  Fox^  as  charactt»T- 
izing  the  granites  of  Penrhyn,  and  was  referred  to  in  1834  by  De  la 
Beche;**  also  in  1855  by  Adam  Sedgwick,'  who  attributed  it  to 
crystaUine  action  at  the  time  of  consolichition.  In  1860  C.  F.  Xau- 
mann^  attributed  it  either  to  local  differences  of  cohesion  or  to  an 
inner  strain  possibly  related  to  the  direction  of  original  consolidation. 
In  1864  G."  vom  Rath^  described  a  diorite  from  Monte  Adamello,  in 
the  Tyrol,  without  dominant  rift,  and  observed  that  the  rift  course 
was,  on  the  contrary,  uniform  in  the  granite  of  Monte  Motterone 

•  IffaierBlogiflche  Geographic  dos  chiirsiischsischoii  Lando,  177S.  H(h^  also  his  IJoolxichtunjrcn  iilx^r  di«' 
LaJ^nt&tto  der  Erze,  1779. 

ft  Bemerktuigeil  und  Beobachttmgt'n  uImt  (Uis  Vorkoinnu'ii  dos  Gninits  in  gi'schichtot<^  Ljigt*n.  p.  140. 

e London  and  Edlnbaigh  Phil.  Mug.,  3d  sor.,  vol.  2.  pi>.  321-.T27. 

'  Beseaiches  in  theoretical  gpologj-,  and  Hoporl  <>n  the  goolopy  of  Cornwall. 

«Tnuis.  Oeol.  Soc.  London,  2d  sirr.,  vol  3,  pt.  3.  p.  4>s^ 

/Lehrbuch  der  Oeognosic,  vol.  2,  2d  od.,  L/'ipzlg.  ISiV),  pp.  lHl-l«J2. 

f  Beitiaipe  zur  Kenntnlss  der  cniptivcn  Gcstcinc  der  Alpt'u:  Zeitschr.  d.  I><'Utsr'hen  Oeol.  (;(>s(>ll., 
TOl.l6,pp.2«-2Q0. 
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(Baveno).  In  1876  James  D.  Dana  stated  that  ^'granite  often  has  a 
direction  of  easiest  fracture  due  to  the  fact  that  the  feldspar  crystals 
have  approximately  a  uniform  position  in  the  rock  bringing  the 
cleavage  planes  into  parallelism/^ "  This  is  true  in  those  places  where 
tlie  directions  of  flow  structure  and  rift  chance  to  coincide,  and  it  may 
be  true  in  some  porphyritic  granites  that  the  porphyritic  crystals  are 
arranged  with  some  reference  to  the  rift,  but  that  it  is  not  the  cause 
of  rift  is  shown  by  tlie  fact  that  the  feldspar  cleavages  usually  inter- 
sect the  rift  face  at  all  angles.  In  1879  Reyer*  attributed  rift  to  an 
original  arrangement  of  particles  by  flowage.  As  rift  in  places  crosses 
flow  structure  this  explanation  is  also  inadequate.  In  1893  Carl  C. 
Riiber,  in  a  work  on  the  granite  industry  of  Norway,*^  described  an 
augite  syenite  with  inferior  rift  and  grain,  in  which  the  cleavage 
planes  of  the  individual  feldspar  crystals  were  paraUel  to  the  two 
cleavages,  rift  and  grain,  of  the  rock.  Finally,  in  1894,  F.  Zirkel,** 
after  reviewing  the  opinions  of  his  predecessors,  tentatively  suggested 
that  rift  may  be  the  result  of  conditions  of  strain  brought  about  by 
pressure  from  one  side  only,  which  failed  to  find  adequate  relief  in 
jointing. 

The  only  available  recent  American  data  on  this  subject  are 
furnished  by  Tarr,  Whittle,  and  Finlay.* 

Tarr  presents  four  figures  reproduced  from  drawings  made  from 
enlarged  views  of  thin  sections  showing  the  rift  in  Cape  Ann  hom- 
blende-biotite  granite.  These  figures  and  his  descriptions  indicate 
that  rift  consists  of  microscopic  faults,  most  of  which  meander  across 
feldspar  and  ({uartz  alike,  although  some  go  around  the  quartz 
particles  rather  than  through  them.  In  the  feldspars  rift  usually 
follows  the  cleavage.  These  minute  faults  are  lined  with  microscxjpic 
fragments  of  the  mineral  they  traverse  and  some  of  them  send  oflf 
short,  minute  diagonal  fractures  on  either  side.  In  examining  such 
a  structure  it  is  important  to  make  sure  that  the  grinding  of  the 
section  has  not  in  any  way  modified  the  original  fractures.  Tarr 
adds  that  at  Cape  Ann  the  rift  does  not  traverse  the  *' knots"  or 
the  l)asic  dikes  that  cross  the  granite. 

Whittle  gives  two  sketches  made  from  polished  surfaces  of  a  well- 
known  granite  (luarried  by  the  Maine  and  New  Hampshire  Granite 
Company  at  Redstone,  X.  H.  One  of  these  sketches,  made  from  a 
surracc^  running  at  right  angles  to  the  rift,  shows  ({uartz  and  feldspar 

'1  M.ilin;il  of   Gcolo^ry.  •_>,]  ^,,^       i>,7,i     p     ,;2s. 

i'U>'yv,  i:<l.,  T.  ktoiiik  dcr  (Jr.mit  Krgiissc  vcii  Xrudeck  inid  (^irlsbad.  etc.:  Jahrb.  K.-k.  f'X)!. 
]{<-i(lls;ii!vt;llt.  vol.  L".t.  1S79.  p.  •U.'.. 

c  S<'V^^r<  <:ranit  in  lustri:   \nr;,'.>s  C,v(A.  uixlprsogrlso.  Anrbo^  for  l.s«»;{.  No.  12,  p.  45. 

'/  L.  lirhiich  il.T  I'''tr<)^'r;ii)hi<'.  iM  <■(].,  vol.  2.  IMM.  i)i>.  :)2-:.;-i.  j).  ll.j. 

-^  Tarr,  II.  S.,  T\w  phciionu'iia  of  riftiiijx  in  ^ranitf.  Am.  .lour.  Sci.,  'M  ?or.,  vol.  41,  1S91,  pp.  2t>7-2?-. 
n^:^.  1  1;  al.^o  Kcoiiomic  Ocologj'  of  tho  I'liitod  Stales,  is'.t.').  j).  124.  Whittle.  Charles  L.,  Rifting  ar.<i 
i;rain  in  granite:  Imik-  Jin«l  Min.  .Four.,  vol.  Tit.  I'.HMi  p.  li.l,  fi^s.  1  aii<l  2.  Finlay,  G.  I.,  The  granite  area 
of  Barn',  \'t,:    Rpporl  of  Veruiout  Stale  Geologi.^t.  new  stir.,  1W2,  p.  .")4. 
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grains  traversed  by  a  generally  paraUel  set  of  lines  corresponding  to 
the  rift  planes.  The  lines  are  more  numerous  in  the  feldspar  than  in 
the  quartz  grains.  The  other  sketch,  made  from  another  specimen, 
shows  besides  the  rift  lines  another  less  pronounced  set  intersecting 
these  at  right  angles.  This  second  set  corresponds  to  the  grain. 
Whittle  calls  attention  to  the  fact  that  notwithstanding  the  marked 
rift  and  grain  at  this  quarry  the  stone  stood  a  compression  test  of 
22,370  poxmds  to  the  square  inch,  and  was,  therefore,  not  appreciably 
weakened  by  the  microscopic  fractures.  A  visit  made  by  the  writer 
in  1906  to  the  quarry  at  Redstone,  N.  H.,  has  corroborated  Whittle's 
observations.  The  details  of  the  rift  and  grain  structure  observed 
are  given  on  page  42. 

Finlay,  in  describing  the  quartz  of  Barre  granite,  says:  *'The  pro- 
nounced cracks  which  are  seen  to  cross  from  one  crystal  to  its  neigh- 
bor, without  interruption,  are  an  indication  of  pressure  phenomena 
in  the  magma  after  its  consoUdation.  These  cracks  are  notable  as  con- 
taining microscopic  dendritic  growths,  whicli  arc  analogous  to  the 
arborescent  forms  of  MnOg,  and  possibly  identical  with  them.'* 

Another  peculiarity  of  rift  is  that  the  angle  of  its  inclination  may 
at  some  places  be  modified  by  gravity.  Thus,  in  some  localities  a  block 
will  split  at  one  angle  from  the  top,  but  at  another  from  tlic  side ;  or, 
again,  at  one  angle  where  the  mass  of  the  block  is  at  the  right  and  at 
another  where  it  is  at  the  left  of  the  line  of  fracture.  Experienced 
granite  workmen  at  Concord,  N.  H.,  and  Quincy,  Mass.,  report  that 
at  some  places  a  block  that  woidd  show  a  horizontal  rift  when  split 
from  one  point  of  the  compass  (say  the  north)  acquires  an  inclined 
rift  if  spUt  from  the  south  or  the  east  or  west.  Th*e  cause  of  this 
is  not  apparent.  There  are  also  indications  that  a  slight  alteration 
of  the  feldspars  may  improve  the  rift.  Finally,  as  is  well  known  to 
granite  quarrymen,  rift  and  grain  are  modified  by  temperature,  the 
effect  of  winter  cold  in  New  England  (frost?)  being  to  intensify  the 
rift  and  grain  where  they  are  weak. 

Hertmann*  states  that  in  Saxony  tlie  rift  is  parallel  to  the  hori- 
zontal sheets  or  joints.  That  is  true  for  short  distances  in  the  New 
England  quarries,  but  where  the  rift  is  horizontal  and  the  sheets 
curve  it  crosses  the  slieets,  and  of  course  where  the  rift  is  vertical  it 
crosses  them  throughout.  Exceptionally,  in  one  of  the  quarries  at 
Quincy,  Mass.,  a  foreman  reported  to  the  writer  a  deflection  of  the  rift 
in  apparent  relation  to  the  increasing  inclination  of  the  sheets. 

Rift  and  grain  are  not  ahvays  j)ronounced.  Either  or  both  may  be 
very  feeble  or  may  be  absent. 

At  the  Armbrust  quarry,  in  Vinalliaven,  Me.,  there  is  a  horizontal 
rift  confined  to  a  4-foot  mass  striking  across  tlic  granite  hillock. 

•  Hemnaim,  O.,  Steinbnichindustne  und  Steiiibniehgeologic.  Berlin.  1S90,  p.  1()9. 
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The  presence  of  fairly  good  rift  or  grain  is  an  important  economic 
factor  in  the  granite  industry,  for  it  diminishes  both  the  amount  of 
labor  in  drilling  for  blasts  and  in  splitting. 

That  the  rift  is  a  factor  in  the  crushing  strength  of  granite  is 
shown  by  the  results  of  tests  of  Mount  Waldo  granite  from  Frank- 
fort, blocks  of  wliich  when  placed  on  the  bed — that  is,  with  pressure 
applied  at  right  angles  to  the  rift — showed  an  ultimate  strength  to 
the  square  inch  of  31,782  to  32,635  pounds  (average,  32,208),  but 
when  placed  on  the  side — that  is,  with  pressure  applied  parallel  to 
the  rift — showed  an  ultimate  strength  of  from  29,183  to  "30,197 
pounds  (average,  29,690).  In  the  first  test  the  first  crack  appeared 
in  the  block  at  a  pressure  of  from  120,000  to  123,300  pounds  (average, 
121,650)  and  in  the  second  test  it  appeared  at  one  of  107,400  to 
112,600  pounds  (average,  110,000  pounds).^  Rift  and  grain  in  their 
relations  to  fluidal  cavities  are  discussed  on  pages  42-47. 


The  division  of  granite  into  ^'sheets'*  or  ''beds"  by  jointlike 
fractures  wliich  are  variously  curved  or  nearly  horizontal,  being 
generally  parallel  with  the  granite  surface,  attracted  the  attention  of 
geologists  long  ago.  In  1797  De  Dolomieu,  and  shortly  before  that 
De  Saussure,  described  granite  sheet  structure.'' 

In  1803  Potsch  ^  published  a  paper  on  the  subject.  In  1841  Edward 
Hitchcock  described  what  he  termed  the  ''Pseudo-stratification  of 
granite,"  near  Worcester  and  Fitchburg,  Mass.,  as  a  concentric, 
onion-like  structure  generally  conforming  to  the  rock  surface.*' 

In  1800  C.  F.'Naumann^  dealt  with  the  subject  in  his  text-book. 

In  1863  F.  von  Adrian  described  the  structure  in  Bohemia  and 
regarded  it  as  the  result  of  cooling.^ 

In  1879  Keyer^  descril)ed  it  from  another  part  of  Bohemia;  and  in 
1894  ZirkeU  also  treatcul  the  subject  in  his  petrography. 

Although  this  is  the  most  striking  feature  in  every  granite  quarry 
and  largc^ly  nuikes  the  granite  industry  possible,  there  is  a  great 
diversity  of  opinion  as  to  its  cause.     Whitney^  writes: 

The  curves  arc  arranired  strictly  with  reference  tu  the  surface  of  the  masses  of  rock, 
showing'  clearly  that  they  must  have  })een  produced  by  the  contraction  of  the  mate- 
rial while  c«>oliiis^  or  solidifying,  and  also  j^dvini^  very  strongly  the  impression  that, 
in  many  pla<«'s.  we  see  somethin.u:  of  the  ori<:inal  shape  of  the  surface  as  it  was  when 

the  eranilic  mass  a^.-umed  its  j)resent  position. 

rt  Krilly,  I.  W..  OpliKincf  lIcpL.  t«>-<ts  of  materials,  etc.  (I'.MK)),  l'.M)l,  p.  1119.    See  also  result  of  test 

of  Concord  giMiiit.',  p.  1  17.  this  hullctiii. 
b  .lounial  'l.-s  Miiirs.  \' 1 1 ,  N(,.  rA,  p.  •12t,. 

c  <  ►p.  fit. 

d  Final  Keport,  <i«'olo<:y  of  Mussurhus.'t ts,  p.  (^.S:;. 

f  Op.  (it.,  p.  I'.'l. 

/  .lalirh.  K.-k.f:eol.  Kficlisanstult,  vol.  13,  pp.  l.V.-lsj. 

g  op.  (it.,  p.  4(1.'). 

h  Zirkcl,  Pet  rographio,  vol.  2,  p.  .'»12. 

1  \\  hitncy.  .1.  D.,  ^leology  of  Culifoniia,  vol.  1,  Iv..'..  Ecology,  j..  .{72;  also  pi>.  227,  417,  and  figs.  4^-M. 
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Shaler,  a  few  years  later,^  attributed  the  sheet  structure  to  expan- 
sion due  to  solar  heat. 

C.  H.  Hitchcock*  notices  in  New  Hampshire  granite  "numerous 
joints,  the  planes  of  which  correspond  very  nearly  with  the  slope  of 
the  hill,"  but  does  not  undertake  to  explain  them. 

Vogt^  states  that  the  sheets  in  granites  of  southeastern  Norw^ay 
measure  from  6  inches  to  6  feet  in  thickness  and  dip  from  8°  to  33° 
on  the  sides  of  the  mountains,  toward  the  valleys,  but  that  they  are 
horizontal  on  top  and  approximately  parallel  to  the  surface.  He 
shows*that  they  are  of  preglacial  origin,  attributes  them  to  the  same 
cause  that  is  postulated  by  Whitney  for  those  in  California,  and 
regards  them  as  parallel  to  the  original  surface  of  the  granite  masses. 

Harris,**  referring  to  the  English  granite  quarries,  writes:  "In 
every  quarry  we  visited  we  found  that  the  direction  of  the  *beds' 
approximately  corresponded  with  the  outline  of  the  hill  on  which  it 
was  situated.''    He  offers  no  explanation  of  the  phenomenon,  however. 

J.  J.  Crawford^  describes  the  sheet  structure  at  granite  quarries  in 
Madera  and  Tulare  counties,  California,  as  consisting  of  "  concentric 
layers  conforming  in  a  general  way  to  the  contour  of  the  hills,''  but 
suggests  no  cause  for  them. 

Herrmann,-^  who  made  a  special  economic  study  of  the  granites  of 
Saxony,  writes: 

Upon  closer  inspection  it  appears  that  the  granite  sheets  are  elongated  lenses  over- 
lying one  another,  of  which  the  upper  one,  as  a  rule,  has  its  bulging  part  lying  in  the 
depression  formed  by  the  two  underlying  lenses  where  they  come  together. 

Branner^  describes  the  exfoliation  of  the  granitoid  gneisses  in 
Brazil,  which  he  attril)utes  only  in  part  to  changes  of  temperature. 
He  calls  attention  to  the  fact  that  the  linear  expansion  of  a  mass  of 
gneiss  300  feet  long  at  a  depth  of  15  feet  from  the  surface  imder  a 
surface  temperature  of  103®  F.  would  amount  to  only  0.072  inch; 
and  he  quotes  the  results  of  Forl)es,  Quetelet,  and  others  to  show 
that  the  annual  change  of  temperature  can  penetrate  rock  only  to  a 
depth  of  40  feet  in  temperate  regions  and  still  less  in  the  Tropics. 

Merrill*  describes  Stone  Mountain,  in  Georgia,  as  a  boss  of  granite 
2  miles  long  by  1 J  miles  wide  and  650  feet  high,  which  owes  its  form 

ciSbaler,  N.  8.,  Notes  on  the  concentric  structure  of  granitic  rocks:  Proc.  Boston  Soc.  Nat.  Hist., 
vol.  12. 1860,  pp  289-293. 

^ Geology  ol  New  Uampshire;  vol.  2,  1H77,  pp.  'Al-nVl  and  plate  ojjposite  p.  ir>8,  showing  sheet  struc- 
ture at  the  *•  Flume." 

cVogt,  J.  H.  L.,  Sheets  of  granite  and  syenite  in  their  relation  to  the  present  surlace:  (Jeol.  F<)ren- 
ingens  1  Stockholm,  Forhandl.,  1S7U,  No,  ,*Kj,  vol.  4,  No.  14;  also  Noglo,  iJomaerkninger  om  Granit: 
Chrfstiania  videnskabsselsk.  Forhandl.,  is.si,  No.  0. 

''Harris,  George  F.,  Granites  and  our  granite  industries,  London,  is.s<s. 

^Twelfth  Rept.  SUte  Mineralogist  ol  Califorin'a,  1-S04,  pi».  ;iS4-.^S7  and  :\  i)liites. 

/Herrmann,  O.,  Technische  \  erwerthung  der  Lausitzer  (Jranito.  Zeitsch.  (iir  prakt.  (leologie.  Nov., 
1805,  Heft2,p.4;i5. 

ffBranner.  JobnC,  Decomposition  of  rocks  in  Brazil:  liull.  (ie(»l.  Soc.  America,  vol.  7,  ISIHI,  Exfolia- 
tion, pp.  2tJ0-277,  Temperature  and  exfoliation,  p[).  2S,'>-2f>2. 
•AMerrill,  George  P.,  Rocks,  rock-wejithermg,  and  ^olly,  2d  edition,  im\,  p.  2  31. 
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wholly  to  exfoliation  parallel  to  preexisting  lines  of  weakness.  The 
mass  appears  to  be  made  up  of  imbricated  sheets  of  granite  w^hich 
ho  ri^gards  as  the  result  of  torsional  strains.  The  bosslike  form  is 
incidental  and  consequent.  Intermittent  expansion  and  contraction 
from  changes  of  temperature  have  so  affected  the  sheets  that  bound 
the  mass  at  the  sides  that  they  have  found  relief  in  expansion  in 
an  upward  direction.  These  ruptured  sheets  are  rarely  more  than 
10  inches  thick,  but  are  10  or  20  feet  in  diameter." 

Herrmann*  sums  up  his  conclusions  on  the  subject  substantially  as 
follows:  The  so-called  sheets  are  thin  near  the  rock  surface,  generally 
only  a  few  centimeters  thick,  but  become  gradually  thicker  with 
increasing  depth.  This  downward  increase  in  the  thickness  of  the 
sheets  is  generally  more  rapid  where  the  texture  of  the  stone  is  coarser. 
The  course  of  the  sheets  is  not,  as  Vogt  claims,  parallel  to  the  original 
surface  of  the  consolidating  rock.  It  is  not  governed  by  internal 
strains.  The  attitude  of  the  sheets  corresponds  to  the  form  of  the 
present  rock  surface.  The  sheet  structure  is  to  be  looked  upon  as 
the  effect  of  the  beginning  and  progress  of  weathering  from  the  sur- 
face inward.  These  weathering  cracks  are  determined  by  the  form 
of  the  rock  surface  instead  of  that  being  determined  by  them. 

Turner  *"  calls  attention  to  the  sheet  structure  and  exfoliation  of 
Faii^A^iew  Dome,  in  the  Yosemite. 

Gilbert''  shows  that  sheet  structure  occurs  in  syncUnal  as  well  as 
in  anticlinal  attitude — in  other  words,  is  parallel  to  hollows  as  well 
as  hills — which  he  considers  unfavorable  to  the  theory  that  it  is  an 
original  structure.  lie  suggests  that  sheet  structure  may  possibly 
be  due  to  expansive  stress  consequent  upon  relief  from  compressive 
stress  brought  al)()ut  by  the  removal  of  the  mass  into  which  the 
granite  was  intruded.  Subordinately  he  notes  that  in  the  Sierras, 
at  least,  the  dome  structure*  and  the  parallel  joint  structure  do  not 
occur  in  the  same  place  and  tliat  the  former  has  resisted  general 
erosion  more  successfully  than  the  latter. 

Dr.  (i.  F.  Becker,  in  a  recent  conversation  with  the  w^riter,  stated 
that  lie  had  found  the  granites  and  gneisses  at  the  bottom  of  the 
(.'olonido  Canyon  both  vertically  and  horizontally  jointed.  If  these 
are  true  granites  and  are  still  in  contact  with  the  rocks  into  which 
they  wen*  intnid(Ml  and  sliow  genuine  sheet  stnicture  the  phenomenon 

"  For  <lf'scrii)tioii  niKi  ropn^sonlatioiis  of  Stone  Mountain  sot»  Mprrill,  as  above,  PI.  I:  Purington, 
ClK'stcr  W  ,  (k'olutric;,!  jind  toi)0}4r;ii'hical  foatures  of  the  region  ahout  Atlanta,  Ga.:  Am.  Geologist, 
vol.  11,  ls!tj,  ]>\^.  U\r>-]{]s  and  I'l.  1\  :  also  Watson.  Thomas  L..  Hull.  Georgia  (Jeol.  Sur\-ey  No.  ^A, 
l',H)_\  p.  n:;.  and  I'ls.  1-MlI.  See  also  <leseriiilion  of  another  pranite  dome—Stone  Mountain,  in  North 
Carolina     l.y  \Vats(.n  and  Lanoy.  in  Bull.  North  Carolina  Ceol.  Survey  No.  2,  1900,  PI.  XXV. 

''  ilcrrniann,  <)..  SlfMiiliruehin-iustric  und  Steinhruchgeolog-e,  ]  sW^  pp.  100-111. 

'•TuriKT.  II.  \\  .,  The  Ph'istoim*'  pHtlogy  of  the  south-central  Sierra  Nevada,  with  especial  reference 
to  i1h-  <'ri.LMn  of  the  "i'oseniite  \jdU'>  :  I'roe.  California  Acad.  So.,  'M\  ser..  Geology,  vol.  1,  No.  9.  1900: 
Konnatioti  of  domes,  pp.  :U2  :n:..  and  IM.  XXWII. 

(i  Domes  and  <lome  .stmcture  of  the  hitrh  Sierras.  liull.  Geol.Soe.  Am.,  vol.  15,  pp.  29-30,  and  pi.  3, 1904. 
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would  conclusively  prove  that  such  structure  may  occur  independ- 
ently of  solar  heat  and  load. 

Mr.  S.  F.  Emmons  similarly  stated  that  in  the  Mosquito  (Park) 
Range,  in  Colorado,  the  pre-Cambrian  granite  and  schist  are  cut  by 
horizontal  joints  to  a  depth  of  50  feet  below  their  contact  with  the 
overlying  Cambrian,  the  joints  diminishing  in  number  downward. 
The  original  load  upon  the  granite  here  consisted  of  at  least  10,000 
feet  of  Paleozoic  and  between  5,000  and  6,000  feet  of  Cretaceous  rocks. 
As  the  granite,  however,  was  not  intnided  into  Cambrian  sediments 
it  must  have  been  exposed  to  atmospheric  erosion  before  they  were 
deposited.  These  horizontal  joints  may  therefore  have  been  related 
to  solar  temperature. 

Mr.  G.  K.  Gilbert  has  recently  studied  the  granite  domes  of  Georgia 
and  attributes  their  sheet  structure  to  compressive  strains.  lie  finds 
that  the  granite  in  these  domes''  is  not  naturally  divided  into  plates, 
but  that  the  outer  parts  of  the  granite — the  parts  nearest  the  sur- 
face— are  in  a  condition  of  compressive  strain,  which  results  in  slow 
exfoliation  and  which  enables  quarr^^men,  by  means  of  carefully 
regulated  blasts,  to  develop  joints  that  run  approximately  parallel 
to  the  surface,  so  that  the  granite  is  detached  in  sheets.  As  these 
sheeits  are  divided  into  blocks  in  the  process  of  quarrjdng,  the  blocks 
expand  horizontally  as  they  are  released  from  the  general  mass.  In 
these  granitic  domes  parting  planes  also  develop  naturally  within  a 
few  inches  of  the  surface,  and  the  expansive  force  is  there  so  great  as 
to  induce  conspicuous  buckling  in  the  thin  sheets  thus  formed.  This 
buckling  is  illustrated  in  PI.  VII,  A,  Bulletin  Xo.  313,  from  a  photo- 
graph taken  by  Mr.  Gilbert.  The  jar  of  blasting  precipitates  this 
sheeting  action,  so  that  several  of  the  domes  at  which  quarrying  is  in 
progress  show  long  lines  of  freshly  formed  dismpted  arches.  Mr. 
Gilbert  found  that  the  horizontal  olongaticm,  or  rather  the  elongation 
coincident  approximately  with  the  ccmtour  of  the  dome  surface, 
amounted,  by  one  measurement,  to  three-fourths  inch  in  a  length 
of  40  feet. 

The  effects  of  compressive  strain  on  granite  were  observed  by  the 
writer  in  1907  at  a  quarry  at  the  west  foot  of  Black  Mountain,  a 
domelike  mass  in  West  Dummerston,  near  Brattleboro,  Vt.,  and  are 
illustrated  in  PL  VIII,  B.  New  thin  sheets  have  thus  been  formed 
and  one  of  the  sheet  fractures  opened  3  J  inches. 

The  artificial  production  of  sheets  in  granite,  as  practiced  at 
Bangalore,  in  southern  India,  shows  similar  phenomena.  It  is 
described  by  H.  Warth*  in  sul)stance  as  follows:  At  the  surface  there 
is  a  horizontal  sheet  of  rather  weathered  rock  4  feet  thick;   below  this 

o  Letters  t<>  writer  <lale<i  May  4  and  June  11.  VMl 

&  The  quaro'^  o'  granite  in  India:  Nature,  vol.  51,  lS9o,  p.  272. 
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lies  a  sheet  of  fresh  rock  3  feet  thick,  but  below  this  Ues  fresh  rock 
without  split.  These  sheets  ''are  probably  due  to  the  variations  of 
temperature,  daily  and  seasonal."  By  means  of  wood  fires  plates  60 
by  40  feet  by  6  inches  in  thickness  are  detached  in  one  piece.  A  line 
of  fire  7  feet  long  is  gradually  elongated  and  moved  over  the  granite. 
The  effect  of  the  fire  is  tested  by  hanunering  the  granite  in  front  of 
it,  and  then  the  fire  is  moved  forward.  The  maximum  length  of  the 
arc  of  fire  is  25  feet.  The  burning  lasts  eight  hours;  the  line  of  fire 
is  advanced  6  feet  per  hour.  The  area  passed  over  by  line  of  fire  is 
460  square  feet.  The  amoimt  of  wood  used  is  15  hundredweight. 
The  average  thickness  of  stone  is  5  inches  and  its  specific  gravity  is 
2.62.  These  data  show  that  30  pounds  of  stone  are  quarried  with 
1  pound  of  wood.  Some  plates  are  taken  out  in  inclined  position. 
The  action  of  fire  is  independent  of  the  original  surface  of  rock;  also 
of  the  direction  of  lamination  (the  granite  is  gneissose)  and  of  veins. 
The  uniformity  in  the  tliickness  of  the  sheets  is  attributed  to  the 
regulating  influence  of  preexisting  cracks. 

Van  Hise,  in  his  treatise  on  metamorphism,"  is  inclined  to  attribute 
sheet  structure  to  solar  temperature. 

Sheet  structure,  as  exposed  at  the  Maine  quarries,  is  described  in 
Bulletin  313,  on  pages  33-35,  and  is  illustrated  in  Pis.  II,  B,  III,  V, 
VI,  and  IX,  A  of  that  bulletin.  Sheet  structure,  as  exposed  at  the 
quarries  mentioned  in  this  bulletin,  is  described  under  each  quarry. 
Its  general  character  is  illustrated  in  Pis.  Ill,  A,  and  V,  A;  its 
relation  to  surface  form  in  PL  VII,  Aj  and  to  overlying  rocks  in 
Pis.  VI,  A,  and  IX,  A. 

The  observations  as  to  sheet  structure,  made  at  over  100  granite 
quarries  in  Maine  and  at  many  of  those  described  in  this  bulletin,  are 
hero  summarized: 

1.  There  is  a  general  parallelism  between  the  sheets  and  the  rock 
surface,  resulting  in  a  wavelike  joint  structure  and  surface  over  large 
areas. 

2.  The  sheets  increase  in  thickness  more  or  less  gradually  down- 
ward. 

3.  The  sheets  are  generally  lenses,  though  in  some  places  their 
form  is  ol)sciire.  Their  thick  and  tliin  parts  alternate  vertically  with 
one  anotli(M\  The  joints  tliat  separate  these  superposed  lenses  there- 
fore undulate  in  such  a  way  that  only  every  other  set  is  parallel. 

\.  On  Crotch  Island,  Manic,  tlic  slicct  structure  extends  to  a  depth 
of  at  l(^ast  140  feet  from  the  surface,  and  at  Quincy  to  175  feet. 

.").  Tlicrc  arc  in(hcatioiis  licrc  and  tlicre  that  the  granite  is  under 
coni])rcssivc  strain,  whicli  tends  to  form  vcM'tical  fissures  or  to  expand 
the  sheets  horizontally  so  as  to  iill  up  small  artificial  fissures  or  to 
extend  the  slieet  ])artin^rs  horizontally.      (See  pp.  28,  96,  126,  191.) 

•'  Mon.  r.  S.  (it'i.l.  Siirwy,  vol.  47,  p{).  4:i4-439. 
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The  observations  made  in  Europe  and  in  this  country,  taken  in 
connection  with  the  various  inferences  geologists  have  drawn  from 
them,  indicate  that  sheet  or  '* onion''  structure  in  granite  rocks  is  due 
to  the  following  possible  causes: 

1.  To  expansion  caused  by  solar  heat  after  the  exposure  of  the 
granite  by  erosion. 

2.  To  contraction  in  the  cooling  of  the  granite  wliile  it  was  still 
under  its  load  of  sedimentaiy  beds,  the  sheets  being  therefore  ap- 
proximately parallel  to  the  original  contact  surface  of  the  intrusive. 

3.  To  expansive  stress  or  tensile  strain  brought  about  by  the  dimi- 
nution of  the  compressive  stress  in  consequence  of  the  removal  of  the 
overlying  material. 

4.  To  concentric  weathering  due  to  original  texture  or  mineral  com- 
position. This  action  would  be  chiefly  chemical  and  would  be  aided 
by  vertical  joints  and  by  any  superficial  cracks  due  to  expansion  and 
contraction  under  changes  of  temperature. 

5.  To  compressive  strain  akin  to  that  which  has  operated  in  the 
folding  of  sedimentary  beds. 

6.  To  the  cause  named  under  1  at  the  surface,  but  to  the  cause 
named  under  5  lower  down. 

These  propositions  will  be  ccmsidered  in  the  order  given: 

1.  Solar  heat  may  produce  a  certain  amount  of  exfoliation  in  thin 
sheets  at  the  surface,  as  is  proved  experimentally  in  the  fire  method 
of  granite  quarrying  in  India  (p.  25),  but  as  it  penetrates  only  to  a 
depth  of  40  feet  and  as  sheet  structure  is  known  to  txjcur  on  Crotch 
Island,  Maine,  at  a  depth  of  140  feet  and  at  Quincy,  Mass.,  at  a  depth 
of  175  feet,  it  is  quite  inadequate  to  account  for  sheets  that  are  20  to 
30  feet  thick  and  100  to  175  feet  below  the  surface. 

2.  In  view  of  the  load  under  which  granite  was  prol)ably  formed, 
as  shown  by  the  presence  of  liquid  carl)onic  acid  in  its  quartz"  and  the 
gradual  rate  at  which,  therefore,  it  probably  cooled,  which  is  also 
indicated  by  the  general  coarseness  of  its  texture,  it  is  very  improbable 
that  the  temperature  at  its  contact  surface  and  the  temperature  at 
depths  100  or  200  feet  below  could  Jiave  so  greatly  difl'e red  as  to  bring 
about  such  a  system  of  joints  l>y  contraction. 

3.  As  Gilbert  states,  in  suggesting  the  theoiy  of  fracture  l)y  relief 
of  tensile  strain  through  the  erosion  of  overlying  masses,  we  have  no 
distinct  knowledge  of  it.     It  is  a  p()ssi])le  explanaticm. 

4.  Careful  inspection  of  the  rock  on  both  sides  of  the  sheet  joints 
fails  to  show  any  difference  in  texture*  or  niinc^ral  composition.     The 

«  See  also  Sorby.  H.  C,  On  the  microscopic-  struct  uro  of  crystals.  in<licating  the  origin  of  minerals  and 
rocks:  Quart. Joar.  Qeol.  Soc.  London,  vol.  11,  lsr)S,  pp.  4.'):ict  sc(}.:  Ward.  J.  Clifton.  On  the  granitic, 
granitoid,  aod  associated  raetamori)hic  rfx'ks  of  the  Lake  district:  Ibid.,  vol.  'M,  1^7,'),  pp.  .'Kis  (:02. 
Roeenbusch claims  that  the  groat  variation  in  the  relative  dimensions  (amount)  of  the  licpiid  and  the 
Ticuolea  in  the  cavities  of  granitic  quartz  shows  conclusively  tliat  the  vacuole  was  not  due  to  the  con- 
traction of  the  liquid.  Mlkroskoplsche  Thysiog.  <l<'r  Min.  und  (Jesteine,  vol.  ii  (1 1,  4th  edition,  pp.  41,  42. 
For  drawings  of  these  cavities  and  vacuoles  see  Judd,  J.  W.,  Volcanoes,  issi,  figs.  8,  y,  pp.  01 -(XL 
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sheet  structure  traverses  both  rift  and  flow  structure,  and  it  would  be 
possible  to  procure  specimens  showing  a  sheet  joint  traversing  a  single 
crystal  of  feldspar.  Whatever  chemical  action  has  taken  place  along 
the  sheet  joints  is  of  secondary  character.  Acid  waters  may  have 
gained  access  to  the  joint,  but  have  not  caused  it.  See  matter  imder 
heading  Discoloration  C'Sap/'  etc.),  page  35. 

5.  The  condition  of  strain  described  by  Merrill  and  Gilbert  as  exist- 
ing in  the  granite  domes  of  Georgia  and  by  Niles  and  Emerson  in  the 
gneiss  at  Monson,  Mass.,^  and  by  the  writer  at  West  Dummerston,  Vt. 
(p.  25  and  PL  VIII,  B)j  and  occurring  to  a  lesser  extent  in  some  Maine 
quarries,  shows  that  granite  and  gneiss  are  in  places  still  under  com- 
pressive strain.  Another  instance  occurs  at  the  quarry  of  the  New 
England  Granite  Works,  at  Concord,  page  148.  The  foreman  at  this 
quarry  was  in  the  habit  of  calling  certain  sheets,  marked  by  the  ab- 
sence of  discoh)ration,  '^ strain  sheets,''  to  distinguish  them  from  the 
others.  At  one  place  a  northwest-southeast  compressive  strain  had 
actually  extended  the  strain  sheet  about  5  feet,  and  also  caused  a 
vertical  fracture  that  extended  over  15  feet  diagonally  from  the 
north-south  working  face  to  a  point  on  a  vertical  east-west  channel  5 
feet  back  of  the  face,  closing  up  the  channel  to  half  its  original  vnAi\\. 
Evidences  of  compressive  strain  were  also  noted  at  Quincy,  page  96, 
and  Rockport,  Mass.,  page  126,  and  at  Westerly,  R.  I.,  page  191,  and 
have  also  been  observed  by  the  writer  in  some  of  the  Barre  and 
Woodbury,  Vt.,  quarries.  The  practicabiUty  of  developing  sheet 
structure  by  the  use  of  explosives  and  compressed  air,  as  is  done  in 
some  of  the  North  Carolina  granite  quarries,  shows  that  the  rock  is 
under  a  compressive  strain  there. ^ 

All  these  observations  bring  this  theory  within  the  domain  of 
inductive  science.  If  sheet  structure  is  due  to  compressive  strain,  it 
is  due  to  such  a  strain  as  would  produce  a  series  of  undulating  frac- 
tures extending  entirely  across  a  granite  mass  several  miles  in  diam- 
eter and  to  a  de])th,  as  far  as  observed,  of  175  feet  from  the  rock 
surface. 

().  In  view  of  the  undoubted  sheeting  effect  of  expansion  under 
solar  heat  within  a  short  distance  of  the  surface  and  of  the  fact  that 
some  of  tli(^  sheets  near  the  surface  measure  but  a  few  inches  in 
tliickness,  it  is  (juite  ])()ssil)lr  that  very  thin  surface  sheets  have 
()riii:ijiat(Hl  in  tliis  way:  but  in  view  of  what  was  stated  under  head- 
ing T)  it  scHMHs  ])r()l)al)le  tliat  compressive  strain  is  the  main  factor  in 
prochicinu:  massive  sheets.  At  tlie  surface  both  causes  may  have 
('()n])cratcd.     Tlic  ])r()^ressiv(*  thickness  of  the  sheets  downward  indi- 


".Niif<.  W.  n.,  Some  iiiicnslii.K  phfiioinciia  oLscrvi'il  m  quarrying':  Proc.  Boston  Soc.  Nut.  Hist., 
\.)1.  1 1.  Is7_'.  pp.  s<)  s:,  aii.l  \()I.  II..  1S71,  i>p.  -11  4.;.  Kiiicrs(.n,  15.  K..  (Zoology  of  Old  Hampshirp County. 
M.i^s.:   M(«n.  V.  S.  (hoI.  Survey,  vol.  .'i'J.  Is'.is.  jip.  <u5-»,."). 

/'  W:itv()ii.  T.  I...  iind  l.aricy.  V.  H.,  Tli.-  buildiiii:  iiii<l  ornaiiifiital  stones  of  North  Carolina:  Bull. 
North  Carolina  (h'oI.  Survey  No.  L',  lOOti,  \)\\  1.")7-1('m). 
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cates  that  the  operation  of  tliis  strain  is  evidently  also  dependent  ii])()n 
distance  either  from  the  present  surface  or  from  a  former  surface  or 
contact. 

According  to  this  view  sheet  structure  may  be  said  to  exert  a  con- 
trolling influence  upon  surface  forms,  yet  it  seems  quite  admissible 
that  granite  domes  as  conspicuous  as  Stone  Mountain,  in  Georgia,  and 
Fairview  Dome,  in  California,  notwithstanding  all  the  exfoliation 
that  has  taken  place  on  them  or  the  erosion  they  may  have  suffered, 
may  still  retain  some  degree  of  parallelism  between  their  present 
form  and  the  original  contour  of  the  granitic  intrusions  of  which 
they  are  parts.  This  may  be  true,  also,  of  the  granite  hills  of  Mount 
Desert. 

The  probability  being  admitted  that  the  general  parallelism  be- 
tween the  present  surface  and  the  sheet  stnicture  is  the  result  of 
erosion  that  followed  the  sheeting,  the  ({uestion  still  remains.  What 
has  determined  the  form  and  location  of  the  domes?  These  may 
possibly  be  referred  to  major  arches  (anticlines)  in  the  folds  of  the 
stratified  rocks  which  originally  overlay  the  granite.  Th(»  crustal 
movement  that  produced  these  folds  may  also  have  brought  about  the 
intrusion  of  the  material  that  formed  the  domes  beneath  them. 

Although  the  sheet  structure  and  the  rock  surface  are  very  generally 
parallel,  they  are  not  universally  so. 

Sheet  structure  in  granite  so  much  resembles  the  stnicture  of 
folded  stratified  rocks  that  underground  water  cinrulates  in  i)rac- 
tically  the  same  way  along  the  fracture  planes  of  on(»  and  bedding 
planes  of  the  other.  The  exudation  of  water  alcmg  sheet  joints  on 
vertical  rock  faces  is  seen  in  man}'  of  the  Maine*  quarries,  and  is  also 
shown  in  PI.  V,  -4,  and  PI.  IX,  A^  representing  Rockport  and  Xiantic 
quarries. 

JOINTS. 

Herrmann**  divides  joints  into  two  groups — joints  fonned  by  lat(Tal 
compression,  whose  distances  from  one  another  are  related  to  the 
coarseness  of  the  rock  texture,  and  joints  due  to  expansion,  some  of 
which  are  parted  and  filled  with  calcite,  ({uartz,  ])e;zmatite,  or  vol- 
canic rock.  That  many  joints  are  due  to  compressive  or  torsional 
strain,  and  that  everj'  such  strain  resolves  itst»lf  into  two  comi)onents, 
resulting  in  two  sets  of  joints  that  int(Ts<'(t  at  an  angle  of  al)out  \)^f^ 
each  forming  an  angle  of  about  4.5"  with  the  dinu-tion  of  the  strain, 
are  facts  now  generally  recogniz(»d.  Crosby''  has  su<rg<*sted  that 
torsional  strains  may  have  l)een  supplemented  by  vibratory  ones  in 
causing  joints.     Becker,^  in  a  recent  y)aper,  shows  that  four  or  even 

aHernnami,  O.tSteinbnirhinrliistriP  iirifl  .St.-iMbnii'liK'ologi.-   l^f>'^  p.  ir*:',. 

bCrtMbj,  W.  O.,  Tbe  origin  of  imrali*-!  jmkI  int«rMTtrng  joints.  Ain.  r;i.(,io>(ist,  \«»1.  I'j,  iv«.  pp. 
306-^5. 

'Beckor,  Qeoi^e  F.,  Simnltanf^iis  jomt<i:  Vx*^-.  WuMhinKton  Amf].  S<i.,  vol.  7.  July,  1^n)-'»,  pp. 
207-375,  PI.  XIIL 
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more  than  four  systems  of  joints  may  be  due  to  a  single  force.  He 
also  shows  that  subsequent  strain  on  a  region  thus  jointed  would 
tend  to  produce  motion  along  the  previously  formed  joints  rather 
than  a  new  system  of  jointing.  It  is  conceivable  that  if  a  region  had 
been  jointed  and  afterwards  subjected  to  a  tensile  strain,  some  of  its 
joints  might  be  parted,  and  if  they  were  very  deep  the  openings 
might  become  filled  wdth  volcanic  matter  from  below,  or,  if  not,  with 
matter  from  above,  infiltrated  from  overlying  rocks.  That  motion 
has  occurred  along  some  of  the  joints  in  the  quarries  is  evident  from 
the  poHshed  and  striated  surfaces  of  the  joints  as  well  as  from  the 
faulting  of  the  sheets. 

Joints  are  exceptionally  as  curved  *'as  the  side  of  a  ship."  (See 
Bull.  313,  PI.  VI,  B.) 

Possibly  related  to  such  curved  joints  are  what  some  New  England 
quarrymen  term  *'toe  nails."  These  joints  strike  with  the  sheets, 
but  extend  only  from  one  sheet  surface  to  the  next,  and  have  a  curve 
wliich  sharply  intersects  that  of  the  sheet  structure.  Such  joints 
seem  to  be  due  to  a  strain  different  from  that  which  produced  the 
sheets.     They  were  noted  at  Quincy,  Westerly,  and  Milford,  N.  H. 

The  spacing  of  the  joints  varies  considerably,  ranging  from  1  foot 
to  500  feet,  but  usually  from  10  to  50  feet. 

In  some  localities  the  jointing  is  very  irregular.  The  granite  is 
broken  up  into  various  polygons,  which  at  the  surface,  where  weath- 
ering has  made  inroads,  resemble  bowlders.  Quarries  opened  in  such 
places  are  called  bowlder  quarries.  Another  sort  of  irregularity  in 
joints  consists  in  their  discontinuity  or  intermittence,  their  strike  and 
dip  for  the  short  spaces  in  which  they  occur  being  uniform.  Joint 
courses  at  the  quarries  referred  to  in  tliis  work  are  given  under  the 
fjuarry  descriptions  in  Part  II  and  where  numerous  are  shown  in 
diagrams. 

HEADINGS. 

In  some  places  joints  occur  within  intervals  so  short  as  to  break 
iij)  tlie  rock  into  useless  l)locks.  For  a  space  of  5  to  50  feet  the  joints 
may  be  fi'om  6  inches  to  3  feet  apart.  A  group  of  close  joints  is 
called  1)Y  ([uarrvmen  a  ^'  heading/^  p()ssil)ly  because,  when  practicable, 
sucli  a  mass  is  left  as  the  head  or  wall  of  the  quarr}^  (See  Bulletin 
313,  Pis.  Vin,  .1,  and  TX,  B,  also  tliis  l)ullotin,  PI.  YI,  B.)  Headings 
alTonl  ample  iii<rress  for  surface  water,  and  consequently  the  granite 
within  a  heading  is  ^(^nerally  l)a(lly  stained,  if  not  decomposed. 
Tliis  will  be  referred  to  more  fully  under  the  heading  ^^Decomposition" 

.\ji  interesting  feature  of  both  headings  and  joints  shown  in  some 
of  the  dee])er  ((uarries  at  Quincy,  Mass.  (j).  97),  is  their  vertical  dis- 
continuity.    A   heading   occurring   at    the   surface   may   disappear 
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below,  or  a  heading  may  abruptly  appear  a  hundred  feet  below  the 
surface  and  continue  downward. 

Headings  are  not  easily  accounted  for.  They  may  be  produced  by 
vibratory  strains  that  recur  at  intervals  of  time.  If  they  are  so 
caused,  the  character  of  the  fractures  in  some  headings  indicate  that 
the  strains  are  very  complex.     (See  Concord,  p.  145.) 

The  courses  of  headings  at  each  quarry  are  given  in  the  descrip- 
tions of  the  quarries  in  Part  II. 


The  polished  and  grooved  facea  (''slickensides'O  observed  on  many 
of  the  joints  at  the  quarries  show  that  faulting  has  occurred  along 
them.  The  discontinuity  of  the  sheets  at  some  of  the  joints,  causing, 
where  the  joints  are  slightly  inclined,  what  ciuarrymen  call  ''toeing 
in,"  may  probably  be  attributed  to  faulting.  This  supposition 
assumes,  of  course,  that  the  sheet  structure  was  formed  prior  to  the 
jointing.  Faulting  occurs  also  along  sheets,  displacing  vertical  flow 
structure,  or  vertical  (Ukes.  (See  Bulletin  313,  PI.  VIII,  B,)  It 
may  occur  along  one  of  two  intersecting  dikes,  displacing  the  other, 
as  at  the  Deep  Pit  on  Cape  ^Vim.     (See  PI.  V,  B,  of  tliis  bulletin.) 

MICROSCOPIC   FRACTURES. 

In  some  quarries  the  granite  near  the  surface  acquires  a  marked 
foliation,  which  appears  to  be  parallel  to  the  sheet  structure,  and 
in  places  to  the  rift.  Tliis  foliation  is  known  by  cjuarrjanen  as 
"shakes."  It  occurs  both  at  the  top  and  at  the  bottom  of  the  sheet, 
through  a  maximum  tliickness  of  6  inches.  It  is  coextensive  wdth 
the  discoloration  known  as  ''sap"  and  occurs  at  many  places  near 
vertical  joints.  Under  the  microscope  this  structure  proves  to  con- 
sist of  minute,  nearly  parallel  fissures,  of  no  great  continuity,  wliic^h 
traverse  the  mineral  particles  and  which  in  the  thin  section  examined 
are  especially  conspicuous  in  the  (juartz  and  the  mica.  The  distance 
between  these  fissures  measures  from  a  tenth  to  a  half  a  millimeter, 
or  from  one  two  hundred  and  fiftieth  to  on(^-fiftictli  inch.  The 
parallelism,  both  to  the  sheets  and  the  '*sap"  and  its  relation  to  the 
vertical  joints,  indicates  that  the  structure  may  l)e  due  to  the  freezing 
of  surface  water  which  has  found  its  way  to  the  sheets  through  the 
vertical  joints  and  has  entered  the  rift  fissures. 

The  writer's  attention  was  called  to  a  similar  structure  in  a  ({uarry 
at  Milford,  N.  H.,  consisting  of  short,  parallel  fractures  ahmg  the 
rift,  from  one-half  inch  to  2  Inches  apart,  having  no  apparent  con- 
nection with  joints  or  discoloration.  This  is  ])robal)ly  due  to  strain 
affecting  part  of  the  granite  imiss  and  producing  miniature  sheet 
structure. 
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SUBJOINTS. 


Careful  inspection  shows  that  the  joint  structure  in  granites 
does  not  everywhere  consist  of  a  simple  fracture,  but  that  it  is  at 
many  places  complex.  Minute  fractures  branch  off  from  the  joint 
at  an  acute  or  right  angle  and  penetrate  the  rock  a  few  inches, 
or  the  rock  for  a  few  inches  on  either  side  of  the  joint  is  traversed 
by  microscopic  fissures  that  are  roughly  parallel  to  it.  All  such 
structural  features  may  properly  be  called  subjoints.  (See  further, 
p.  48,  and  PI.  Ill,  B;  also  Bulletin  313,  p.  41.) 

Woodworth  has  studied  analogous  and  related  structures  in  various 
rocks  and  has  described  them  as  ** joint  fringe"  and  ''feather 
fractures. "« 

ROCK   VARIATIONS. 

Under  the  term  ''rock  variations''  are  grouped  all  those  variations 
from  typical  granite  that  are  due  to  injection,  segregation,  infiltration, 
inclusion,  and  steam  cavities. 

DIKES   (granitic). 

The  granitic  dikes  in  the  quarries  are  of  three  kinds:  Extremely 
fine  grained  granite  (aplite),  very  coarse  grained  granite  (pegmatite), 
and  fine  or  medium  grained  granite. 

The  courses  of  these  dikes  at  each  quarry  are  given  in  the  diagrams 
or  descriptions  in  Part  II.  In  thickness  they  range  from  a  fraction 
of  an  inch  to  over  20  feet,  but  usually  from  2  inches  to  2  feet. 

Aplite  differs  from  ordinary  granite  by  the  greater  fineness  of  its 
texture  and  its  scant  content  of  mica.  It  is  knowTi  by  quarrymen  as 
"salt  horse"  or  "white  horse." 

Aplite  (likes  are  supposed  to  have  originated  in  the  same  deep- 
seated  molten  mass  as  the  granite  they  traverse,  but  they  represent 
a  later  stage  of  igneous  activity.  The  fissures  they  fill  were  the 
result  of  various  tensional  strains  or  contractions,  possibly  consequent 
upon  the  cooling  of  the  granite. 

In  color  these  dikes  vaiy  from  bluish  gray  to  light  and  dark  reddish. 
The  texture  of  some  aplites  is  so  fine  that  the  mineral  })articles  can  not 
be  distinguished  with  the  unaided  eye;  that  of  othei's  is  so  coarse  that 
the  feldspar  and  mica  may  be  thus  detected.  Under  the  microscope 
the  dimensions  of  the  particles  range  from  0.05  to  0.75  mm.,  the  aver- 
age being  about  0.16  mm.  for  the  finer  ones  and  0.50  mm.  for  the 
coarser  ones.     Some  aplites  have  a  i)orphyritic  texture. 

Most  aplites  contain  a  slightly  higher  percentage  of  silica  than 
granite.  Five  analyses  of  aplites  from  the  Far  West  made  at  the 
laboratory  of  the  X'nited  States  (ieological  Survey*  show  a  range  of 

1  Woodworth.  J.  B.,  On  the  fructiiro  Kystooi  of  joints,  with  remarks  on  certain  great  fractures: 
Proi.  Boston  Sor.  N»t.  Hist.,  vol.  27.  \m\,  pp.  1».(»-17:^,  pis.  1,  2. 
^^JJulL  U.  S.  Gool.  Survvy  No.  148,  1897.  pp,  124,  150,  2()0,  219. 
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silica  from  71.62  to  76.03  per  cent  and  an  average  of  74.08,  which  is 
near  the  maximum  of  silica  for  granites  generally. 

Pegmatite  lies  at  the  other  extreme.  Its  mineral  Constituents  range 
usually  from  one-half  inch  to  1  foot  or  even  several  feet  in  diameter. 
It  is  reported  that  the  crystals  in  some  pegmatite  dikes  measure  from 
10  to  30  feet  in  length  by  1  to  3  feet  in  width.  The  chief  minerals  in 
pegmatite  dikes  are  the  same  as  in  granite,  but  they  occur  in  different 
though  varying  proportions.  With  these  minerals  are  often  associated 
tourmaline,  garnet,  beryl,  etc.  Chemically  these  dikes  generally  con- 
tain more  silica  than  the  granite.  Dikes  of  pegmatite  are,  as  a  rule, 
more  irregular  in  width  than  those  of  apUte.  They  generally  range 
in  thickness  from  1  inch  to  10  feet. 

The  origin  of  pegmatite  has  been  much  discussed  both  in  Europe  and 
in  this  country."  The  coarseness  of  its  constituent  minerals  indicates 
slow  crystallization,  and  the  irregularity  of  the  dikes  shows  tensional 
rather  than  torsional  strain.  The  banding  of  some  pegmatite  dikes 
and  the  isolated  lenticular  character  of  others  indicate  that  the  dikes* 
were  filled  from  heated  solution,  while  many  of  them  differ  in  no 
respect  from  dikes  of  igneous  origin  except  by  the  coarseness  of  their 
texture.  For  these  reasons  it  is  thought  that  pegmatite  dikes  in 
granite  have  been  formed  in  openings  and  fissures  that  were  due, 
possibly,  to  contraction  while  the  granite  was  still  hot  and  that  some 
of  these  openings  were  filled  with  matter  in  a  state  of  both  molten 
plasticity  and  solution  under  pressure,  and  others  by  heated  solutions 
that  gathered  matter  from  the  adjacent  granite.  Howsoever  derived, 
this  dike  material  crystallized  very  slowly. 

Granite. — Finally,  there  are  dikes  that  differ  from  all  those  just  de- 
scribed, formed  simply  of  fine  or  medium-grained  granite.  (See  pp. 
8J,  186.0 

VEINS. 

Quartz  veins  occur  rarely  in  the  Maine  granite  quarries  (see  Bulletin 
313,  p.  46)  and  at  but  few  of  the  quarries  here  described  (see  pp. 
104,  105).     Some  of  these  seem  to  be  clearly  of  pegmatitic  origin. 

DIKES    (basic). 

Dikes  of  dark-greenish  or  black,  hard  and  dense  rock  (diabase,  rarely 
basalt)  are  of  very  common  occurrence  in  the  Maine  and  Massachusetts 
quarries.  The  courses  of  some  of  these  dikes  and  their  relaticm  to  the 
joints  are  shown  in  figs.  11,  12,  14,  15,  16,  17.  Some  of  them  are 
represented  in  PI.  V,  A  and  Z?,  and  descril)ed  on  pages  125,  131,  138. 

«  Tbe  principal  American  writings  on  tho  subject  are:  Wllllumj«.  G.  11.,  Tht?  gi'nenjl  n'lation  of  the* 
gmnltle  rocks  In  the  middle  Atlantic  Piedmont  riatoau;  Fiftcrnth  Ann.  lUpt.  V.  S.  CIooI.  Sur\ry,  1895, 
pp.  C7Mi84;  Cnwby,  W  O.,  and  Fuller,  M.  L.,  Origin  of  pi'grnatito:  Torhn.  Quart'-rly,  vol.  9,  189G,  pp. 
aas-3fi6;  Am.  Oeologlut,  vol.  19.  isr)7,  pp.  147-180;  Van  Iliac,  C.  R.,  A  trcatii^c  on  mctamorphiam:  Men. 
U.  8.  CeoL  Siir\Ty.  vol.  47,  1904,  pp  720-728. 
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Most  of  these  dikes  are  so  firmly  welded  to  the  granite  that  hand 
specimens  that  are  one-half  granite  and  one-half  diabase  are  readily 
obtained.  Thin  sections  of  the  glassy  rims  of  dikes  show  that  the 
dike  sent  out  microscopic  branches  for  short  distances  into  the  granite, 
in  places  surrounding  some  of  its  quartz  particles.  (See  further  on 
the  relation  of  dike  rims  to  granite,  p.  50.) 

The  geologic  age  of  these  dikes  has  not  been  precisely  determined. 
They  are  considerably  more  recent  than  the  granite  they  traverse  or 
the  dikes  of  aplite  and  pegmatite  which  traverse  the  granite. 

The  diabase  dikes  are  the  result  of  an  earth  movement  that  either 
opened  previously  formed  joints  or  made  new  ones  deep  enough  to  be 
injected  with  volcanic  material.  How  far  this  may  have  penetrated 
the  rocks  which  overlay  the  granite,  or  whether  it  overflowed  at  their 
surface,  can  not  even  be  conjectured. 

At  the  granite  quarries,  wherever  this  course  is  possible,  the  dikes 
and  the  headings  are  left  to  form  the  bounding  walls  of  the  excavations. 

SEGREGATIONS  (KNOTS). 

Quarrymen  know  too  well  that  granite  is  often  disfigured  by  gray  or 
black  *^  knots''  of  circular  or  oval  irregular  curved  outline,  ranging  in 
diameter  from  half  an  inch  to  3  feet  and  exceptionally  even  10  feet. 
These  were  studied  by  geologists  long  ago.^  They  are  finer  grained 
than  the  granite  in  which  they  occur,  contain  nearly  10  per  cent  less 
silica,  much  more  black  mica  or  hornblende  (which  accounts  for  their 
darkness),  and  a  little  more  soda-lime  feldspar,  and  their  specific 
gravity  is  about  0.09  per  cent  higher. 

PI.  V,  Aj  of  Bulletin  313  shows  twelve  small  knots  in  one  of  the 
Sullivan  quarries,  and  on  pages  49  and  50  of  that  bulletin  thin  sections 
of  knots  from  the  Maine  quarries  are  described.  Several  varieties 
from  the  Quincy  c{uarries  are  described  on  page  95  of  this  bulletin  and 
one  of  exceptional  character  from  Rockport  on  pages  64,  125. 

In  none  of  the  knots  is  there  a  definite  boundary  separating  them 
from  the  granite,  excepting  such  as  is  caused  by  the  change  in  the  pro- 
portionate abundance  of  the  darker  minerals.  The  cause  of  knots  is 
not  perfectly  understood.  They  are  collections  (segregations)  gener- 
ally of  the  darker,  heavier,  iron-magnesia  minerals  that  took  place 
while  the  rock  was  in  a  plastic  state. 


Small  cavities  lined  with  crystals  occur  in  granite.     They  have 
been  found  by  the  writer  at  the  Jonesboro  and  Marshfield  quarries 

"  riiillips.  J.  A.,  On  concn'tionury  patches  and  fragmonts  of  other  rocks  contained  In  granite:  Quart. 
Jour.  (;(M)1.  Soc.  London,  vol.  3(5.  issi),  pp,  l-irj,  VI.  I.  Morrill.  <;.  P.,  On  the  black  nodules  or  so-caJled 
iiK-lusions  in  tho  Maine  granite  I'roc.  V.  S.  Xat.  Miis.,  vol.  0.  IfiKi.  pp.  137-141.  Grlmsley,  G.  P.,  Basic 
^pgropation.s;  Tho  granltos  of  Cwil  County  in  northeastern  Maryland.  Jour.  Am.  Soc.  Nat.  Hist..  Apr. 
and  .Inly,  18*<4.  D.ily.  Reginald  A..  Basic  segregations:  Tho  goologj-  of  Ascutney  Mountain,  Vermont: 
Bull.  i:.  S.  (Jrol.  Survey  No.  2()9,  11H)3.  p.  KVl. 
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in  Maine  and  at  Redstone,  N.  H.  Their  greatest  diameter  was  about 
12  inches,  and  the  Uning  crystals  were  quartz,  more  or  less  amethyst- 
ine, and  feldspar.  These  were  usually  coated  with  epidote,  chlorite, 
and  calcite;  the  calcite  generally  in  very  obtuse  rhombohedra  up  to 
half  an  inch  across.  A  geode  at  Redstone  is  surrounded  by  a  band 
of  aplite. 

Such  cavities  are  attributed  to  bubbles  of  steam  or  gas  that  were 
in  the  rock  while  it  was  in  a  molten  state,  which  gave  room  for  the 
growth  of  crystals  and  later  became  filled  with  epidote  and  calcite. 

INCLUSIONS. 

Not  to  be  confounded  with  ''knots,''  although  some  of  them  are 
equally  dark  and  occur  near  them,  are  irregular  or  angular  particles 
of  various  schistose  rocks  which  the  granite  incorporated  into  itself 
during  its  intrusion.  They  can  usually  be  distinguished  from  the 
knots  by  their  different  microscopic  structure.  In  the  Maine  quar- 
ries they  range  from  an  inch  to  40  feet  in  length.  Part  of  the  jagged 
edge  of  the  lower  part  of  a  large  schist  inclusion  in  granite  at  Free- 
port,  Me.,  is  shown  in  PI.  VII,  B,  of  Bulletin  313. 

Inclusions  in  the  granites  of  Concord  and  Milford,  N.  H.,  are 
described  on  pages  151,  153,  169,  176  of  this  bulletin. 

DISCOLORATION    C'SAP,''    ETC.). 

Rusty  (limonite)  staining  along  the  upper  and  lower  parts  of  the 
sheets  and  also  along  the  joints  and  headings  is  common  in  granite 
quarries,  although  some  quarries  are  almost  entirely  free  from  it. 
The  zone  of  discoloration  along  the  sheets  in  the  Maine  quarries  is 
from  one-half  to  12  inches,  exceptionall}-  even  18  inches,  wide  on  each 
side  of  the  sheet  parting.  Its  width,  however,  decreases  gradually 
from  the  surface  sheets  downward.  In  places  the  sap  consists  of  two 
parts — an  outer  dark  brownish  zone  from  three-fourths  to  1^  inches 
wide  and  an  inner  more  yellowish  zone  from  one-fourth  to  one-half 
inch  wide.  Generally,  however,  the  discoloration  diminishes  gradu- 
ally from  without  inward.  In  some  quarries  there  seems  to  be  a 
connection  between  the  '^shake'*  structure  and  the  discoloration,  since 
these  are  coextensive. 

When  the  stone  is  intended  for  facing  or  trimming  buildings  the 
presence  of  sap  is  a  serious  matter  as  the  stained  edge  of  each  block 
must  be  split  oflf,  which  adds  somewhat  to  th(»  cost  of  production. 

This  discoloration  has  been  supposed  to  be  always  due  to  the  oxida- 
tion of  the  ferruginous  minerals  of  the  granite,  biotite,  hornblende, 
magnetite,  and  pyrite,  but  the  Maine  thin  sections  examined  by  the 
writer  do  not  bear  out  this  theory.     (See  Bulletin  313,  p.  53  and  lig.  2.) 

These  observations  lead  to  the  inference  that  the  discoloration 
called  "sap"  is,  in  some  Maine  granites,  not  due  chiefly  to  the  oxida- 
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tion  of  the  ferruginous  minerals  of  the  granite  by  "underground 
water,"  but  chiefly  to  the  deposition  of  limonite  by  ferruginous  sur- 
face water.  The  water  descended  along  the  vertical  joints  and  then 
flowed  along  the  sheet  partings  and  permeated  the  rock  above  and 
below  them.  Whether  the  postglacial  submergence  of  the  Maine 
coast  had  anything  to  do  with  the  discoloration  is  not  clear. 

Another  kind  of  discoloration,  which  is  even  more  serious  in  its 
consequences,  appears  on  fresh  faces  of  granite,  either  in  the  quany 
or  after  its  removal.  This  consists  of  sporadic  rusty  stains  from 
half  an  inch  to  1  inch  in  diameter,  arising  from  the  oxidation  of 
minute  particles  of  some  undetermined  ferruginous  mineral,  possibly 
allanite.  Such  stains  usually,  however,  arise  from  pyrite  particles 
or  crystals. 

Daly^  describes  a  bluish-gray  syenite,  from  Windsor,  Vt.  (feld- 
spar, quartz,  hornblende,  augite,  biotite),  that  after  twenty-four 
hours'  exposure  assumes  a  greenish  tinge,  which  eventuaUy  becomes 
more  or  less  brownish.  He  has  demonstrated  by  experiment  with 
oxygen  that  this  change  is  due  to  the  oxidation  of  minute  blackish 
granules  of  ferrous  oxide  within  the  feldspar,  giving  a  yellow  which, 
in  combination  with  the  original  bluish  tint  of  the  feldspar,  produces 
a  green.  The  large  columns  of  the  library  of  Columbia  University, 
in  New  York,  are  made  of  this  rock. 

Another  kind  of  discoloration  occurs  on  either  side  of  diabase  or 
basalt  dikes,  caused  mainly  by  various  alterations  of  the  feldspars 
and  their  consequent  change  in  shade  or  color.  See  Bulletin  313, 
page  91,  and  the  examples  at  Rockport,  Mass.,  and  Milford,  N.  H., 
described  on  pages  125,163  of  this  bulletin.  Discoloration  is  thus  of 
five  kinds:  That  due  to  the  infiltration  of  ferruginous  water,  that 
due  to  the  oxidation  of  the  generally  disseminated  ferruginous  min- 
erals (biotite,  hornblende,  and  magnetite)  by  nonferruginous  water, 
that  due  to  the  oxidation  of  sporadic  ferruginous  ininerals,  that  aris- 
ing from  the  oxidation  of  ferrous  oxide  within  the  feldspars,  and  that 
due  directly  or  indirectly  to  dikes  and  veins.  The  subject  of  granite 
discoloration  will  be  found  discussed  further  on  pages  51-55. 

DECOMPOSITION. 

Notwithstanding  the  strength  and  durability  of  granite,  it  is  liable, 
under  certain  conditions  and  in  the  course  of  long  time,  to  decompose 
into  a  clayey  sand.  This  is  the  result  of  its  physical,  mineralogical, 
and  chemical  constitution  and  properties.  One  of  the  most  striking 
illustrations  of  this  is  the  occurrence  in  some  of  the  Maine  quarries 
of  ''beds"  of  sand  or  decomposed  granite  within  the  fresh  granite, 
either  between  the  sheets  away  from  headings  or  within  the  headings 

«Daly,  Reginald  A.,  The  geology  of  Ascutney  Mountain.  Vermont:  Bull.  U.  8.  Geol.  Surrey  Na 
209,1903  pp.  61-53. 
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and  along  or  across  the  sheets.  Thus  at  the  Palmer  quarry,  in  Vinal- 
haven,  20  feet  below  the  surface  in  the  face  of  the  quarry,  there  is  a 
bed  of  granite  sand  18  inches  thick  between  two  sheets,  which  at 
that  point  dip  about  10°  into  the  hill.  On  the  southeast  side  of  the 
Longfellow  quarry,  near  Hallowell,  some  of  the  sheets  within  a. wide 
heading  include  granite  sand  beds  that  are  about  10  inches  thick.  At 
the  Shattuck  Mountain  quarry,  near  Redbeach,  a  6-foot  heading 
includes  a  vertical  layer  of  granite  sand  8  inches  thick.  Specimens 
taken  from  these  various  sand  beds  show  that  the  disintegration  be- 
gins with  microscopic  fractures;  in  some  cases  the  enlarged  rift 
cracks,  producing  the  ** shake"  structure  described  on  page  31,  and  is 
followed  by  more  or  less  kaolinization  of  the  feldspars.  This  process 
consists  in  the  loss  of  alkali  and  the  taking  up  of  water,  resulting  in 
the  passing  of  the  feldspar  into  a  white  clay  (kaolin). 

The  joint  and  sheet  structure  affords  ingress  to  surface  water, 
containing  its  usual  percentage  of  carbonic  acid,  and  the  '*rift"  or 
"shake"  structure  facilitates  the  kaolinization  of  the  feldspar  on 
either  side  of  the  sheet  parting  by  this  water.  As  the  feldspars  pass 
into  clay  the  rock  crumbles  into  sand  consisting  of  quartz,  mica,  and 
kaolin,  and  of  feldspar  in  various  stages  of  kaolinization.  In  some 
places  within  the  range  and  depth  of  frost  a  large  part  of  this  work 
may  have  been  done  by  frost  alone.  The  sand  would  there  be  mainly 
the  product  of  the  ** shake"  structure. 

In  regions  which  have  not  been  swept  by  a  continental  glacier  any 
granite  mass  would  be  covered  w^th  the  products  of  the  decomposi- 
tion of  its  own  surface.  In  the  Tropics  the  abundant  rainfall  and 
the  organic  acids  from  a  luxuriant  vegetation  materially  hasten  the 
decomposition,  and  granitic  rocks  in  such  regions  are  for  these  reasons 
often  covered  with  many  feet  of  sand  and  soil." 

The  incipient  stage  of  weathering  may  be  observed  in  any  long- 
exposed  granite  ledge  in  the  milky  whiteness  of  the  feldspars.  This 
change  usually  attacks  the  soda-lime  feldspars  first.  The  black  mica, 
owing  to  its  content  of  iron  oxide,  is  also  liable  to  early  decomposi- 
tion. The  process  of  weathering,  as  it  affects  the  rock  as  a  whole, 
involves  the  following  chemical  changes:  A  loss  of  lime,  magnesia, 
potash,  and  soda;  a  gain  of  water,  and  a  relative  gain  of  silica,  alu- 
mina, and  iron  oxide — that  is,  relative  to  the  reduced  weight  of  the 
weathered  rock.  The  subject  of  weathering  of  granite  is  fully  treated 
in  the  writings  of  Merrill,  Keyos,  and  Watson.** 

•  Bmmer,  J<dmC.,  Decomposition  of  rocks  in  Brazil:  Bull.  Geol.  Soi*.  America,  vol.  7. 1896;  Exfoliation, 
I».31. 

*  IfenillyOeo.  P.,  Disintegration  of  the  granitic  rocks  of  the  District  of  Columbia:  Bull.  Geol.  Soc. 
AmeiiCft,  TOl.  6,  p.  321, 1806;  alao  A  treatise  on  rocks,  rock-woathering,  and  soils.  Now  York,  1897,  pp. 
305-314,  236,  244,  245,  257.  Keyes,  Charles  R.,  The  origin  and  relations  of  central  Maryland  granites: 
FlftMnth  Ann.  Rept.  U.  S.  Geol.  Sur\'ey,  1895,  p.  725,  and  pis.  42-45.  See  also  Proc.  Iowa  Acad.  Sci.,  vol. 
l,pLZ,pp,  22-24,  and  vol.  2,  pp.  27-31,  Pis.  II-IV,  1895.  Watson,  Thomas  L. .  A  preliminary  report  on  a 
]MUt  of  the  gnmltes  and  gneisses  of  Georgia,  1902,  pp.  299,  3U0,  308.  329,  331,  333. 
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The  changes  in  granite  after  it  has  entered  into  buildings  or  other 
constructions  are  less  marked  than  those  in  the  natural  rock,  because 
the  blocks  are  not  then  traversed  by  anything  analogous  to  sheet  and 
joint  structure,  and  also  because  the  years  of  historic  time  are  few 
compared  to  those  of  geologic  time.     Much  has  been  written  on  the 
decay  of  granite  in  monuments  and  buildings.  ^    Such  decay  is  mainly 
attributable  to  microscopic  fissures  produced  by  the  unequal  and 
repeated  expansion  and  contraction  of  the  different  minerals  of  the 
granite  under  changes  of  solar  temperature.     In  countries  where  the 
winter  temperature  is  very  low  the  action  of  frost  within  such  fissures 
powerfully  assists  the  process  of  disintegration.     Thus  the  obelisk 
now  in  New  York  suffered  more  from- three  years'  exposure  to  our 
climate  than  it  had  during  over  three  thousand  four  hundred  years 
in  Egypt,  although  the  fissures  along  which  frost  operated  were  started 
long  before  it  reached  this  country.     A  minor  factor  in  decay  is  the 
chemical  action  of  water  along  fissures.  ^ 

It  is  supposed  that  these  causes  of  decay  operate  more  eflFectively 
in  coarse  granites  than  in  fine  ones.  Merrill  points  out  that  a  sawn  or 
properly  prepared  polished  surface  resists  weathering  more  eflFectively 
than  a  cut  or  hammered  one,  as  the  latter  is  full  of  minute  fractures, 
parallel  to  the  surface,  produced  by  impact,  which  facilitate  scaling. 

BLACK  GRANITES. 
CLASSIFICATION. 

The  term  ''black  granites,''  although  sufficient  for  general  com- 
mercial purposes,  includes  a  variety  of  rocks  of  different  character, 
origin,  and  appearance — gabbros,  diorites,  diabase,  etc.  They  have, 
however,  three  mineralogical  features  in  common — they  contain  com- 
paratively little  or  no  quartz,  their  feldspar  belongs  entirely  or  almost 
entirely  to  the  series  which  contains  both  soda  and  lime,  and  they 
contain  a  considerable  amount  of  one  of  the  pyroxenes,  or  hornblende 
or  biotite,  and  magnetite,  which  accounts  for  the  general  darkness  of 
their  shade  or  their  greenish  color. 

ORIGIN. 

The  gabbros  and  diorites  are  more  or  less  granitic  in  texture,  as 
thov  crystallized  under  conditions  resembling  those  which  attended 
the  foniuition  of  granite.  But  the  diabase  was  in  part  erupted 
tlir()u<j:h  narrow  fissures,  forming  dikes  or  sheets,  and  at  many  places 
reached  the  surface,  always  crystallizing  with  comparative  rapidity. 

"  .Tiilicn.  Alexis  A..  The  <lural)ility  of  building  stones  in  Now  York  City:  Tenth  Census,  vol.  10.  ISM: 
(Iranite.  ])[).  370-371.  Merrill  Geo.  P.,  Physical,  chemical,  and  K'ononiic  properties  of  building  stones: 
.Maryland  (leol.  Survey,  vol.  2.  ls9S:  (Iranite.  pp.  '.»!'  94.  Also  Morrill's  Stones  for  building  and  deco- 
ration, 3d  ed..  HX)3;  Weathering  of  gninit«'.  pp.  431.  43^'). 

'-  See  J  alien.  Alexis  A..  A  study  of  the  New  York  obelisk  as  a  decayed  bowlder:  Annals  New  York  Ac«d. 
Sci.,  vol.  8,  1893,  pp.  93-lGG. 
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Diabase,  however,  occurs  in  Vinalhaven,  Me.,  as  stated  by  George 
Otis  Smith,  '*in  large  bodies  which  have  the  form  of  neither  dikes 
nor  sheets,  being,  in  fact,  part  of  the  same  masses  as  the  diorites  and 
gabbros." 

MINERALOGICAL   AND    CHEMICAL   COMPOSITION. 

Gabbro  consists  essentially  of  a  lime-soda  feldspar  and  one  or  both 
of  the  varieties  of  pyroxene  known  as  diallage  and  hypersthene. 
The  former  is  a  foUated  silicate  of  iron  and  lime  with  about  12  per 
cent  of  magnesia;  the  latter  is  a  silicate  of  iron  with  about  24  per 
cent  of  magnesia,  and  each  of  these  minerals  crystallizes  differently. 
When  hypersthene  alone  is. present  the  rock  is  called  a  norite;  when 
both  are  present  it  is  a  hypersthene  gabbro.  When  the  mineral 
olivine  (a  greenish  silicate  of  iron  with  50  per  cent  of  magnesia)  is 
present  also  the  name  olivine  may  be  prefixed  to  the  rock  name. 
The  accessory  minerals  in  gabbros  are  ilmenite  (a  titanate  of  iron), 
magnetite,  pyrite,  apatite,  biotite,  garnet,  and  rarely,  quaKtz  and 
metallic  iron.  The  secondary  minerals — that  is,  those  derived  from 
the  alteration  of  the  primary  ones — are  hornblende,  chlorite,  epidote, 
zoisite,  analcite,  serpentine,  a  white  mica,  and  calcite.  The  percent- 
age of  siUca  in  gabbros  varies  a  little  on  either  side  of  50.  Iron  oxides 
and  lime  average  9  per  cent  each;  magnesia,  6  per  cent. 

Diorite  consists  essentially  of  feldspar  (of  the  series  containing 
lime  and  soda)  and  hornblende  with  biotite,  or  biotite  alone.  Quartz, 
augite,  and  potash  feldspar  may  or  may  not  be  present.  The  acces- 
sory minerals  are  magnetite,  pyrite,  titanite,  zircon,  apatite,  garnet, 
allanite.  The  secondary  are  epidote,  chlorite,  a  white  mica,  and 
calcite.  When  quartz  is  present  the  rock  is  called  a  quartz  diorite. 
When  black  mica  or  augite  are  the  preponderating  iron-magnesium 
silicates  the  rock  becomes  a  mica  diorite  or  an  augite  diorite.  In 
diorites  the  silica  ranges  from  about  49  to  63  per  cent,  but  in  quartz 
diorite  it  rises  to  about  69  per  cent,  which  is  the  minimum  in  granite. 
The  iron  oxides  range  from  0.52  to  9.70  per  cent,  the  magnesia  from 
less  than  1  to  over  11  per  cent,  but  usually  from  2  to  7  per  cent. 

Diabase  consists  essentially  of  a  feldspar  of  the  series  containing 
lime,  or  soda  and  lime,  together  with  a  pyroxene  or  augite  (alumina. 
lime,  magnesia,  iron),  which,  however,  is  frequently  altered  to  horn- 
blende or  other  secondary  minerals;  also  magnetite  or  ilmenite,  or 
both.  Olivine  may  or  may  not  be  present,  and  some  specimens  con- 
tain a  little  quartz.  The  accessory  minerals  are  orthoclase,  biotite, 
pyrite,  hypersthene,  apatite.  The  secondar}"  ones  are  hornblende,  a 
white  mica,  chlorite,  epidote,  serpentine,  calcite.  The  percentage  of 
silica  in  diabase  ranges  from  about  45  to  nearly  57,  of  ircm  oxides 
from  about  9  to  14,  and  of  magnesia  from  3  to  9. 
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These  '  ^  black  granites,"  as  will  be  seen  by  the  foregoing  description, 
are  distinguished  chemically  from  the  ordinary  granites  by  their  low 
percentage  of  silica  (45  to  67  per  cent),  their  high  maxima  of  iron 
oxides  (9  to  14  per  cent),  and  of  magnesia  (9  to  11  per  cent),  and 
mineralogically  by  their  dominant  feldspar  not  being  a  potash  feld- 
spar, and  generally  also  by  their  considerable  content  of  the  darker 
iron-magnesia  minerals. 

TEXTURE. 

The  general  texture  of  the  black  granites  corresponds  in  grade  to 
that  of  the  fine  and  medium  granites.  In  the  diorites  the  arrange- 
ment and  order  of  crystallization  of  the  minerals  always  correspond 
to  those  of  the  granites  described  on  page  14.  In  some  of  the  gabbros 
this  is  also  true,  but  in  others  and  in  diabase  the  arrangement  greatly 
differs.  The  feldspars  are  in  needle-like  crystals,  between  which  the 
pyroxene  has  afterwards  crystallized. 

PHYSICAL   PROPERTIES. 

Aside  from  their  great  toughness,  the  diorites  and  the  granitic  gab- 
bros probably  differ  but  little  in  physical  properties  from  granites  of 
the  3ame  grade  of  texture.  By  reason  both  of  their  peculiar  texture 
and  their  mineralogical  composition,  the  diabases  and  gabbros  with 
'^ophitic"  texture  should  differ  considerably  in  physical  properties 
from  the  granites.  As  these  stones  are  rarely  used  in  large  buildings, 
owing  to  the  difficulty  of  quarrying  them  either  in  blocks  of  sufficient 
size  or  at  low  enough  cost,  data  as  to  their  compressive  strength  and 
other  useful  physical  properties  are  not  available. 

The  specific  gravity  of  gabbro  ranges  from  2.66  to  about  3,  that 
of  diabase  from  2.7  to  2.98,  and  that  of  diorite  averages  2.95.  In 
these  rocks  it  thus  usually  exceeds  that  of  granite. 

As  the  black  granites  are  used  chiefly  for  monumental  purposes, 
and  particularly  for  inscriptions,  their  color,  susceptibility  to  polish, 
and  the  amount  of  contrast  between  their  cut  or  hammered  and 
their  polished  surfaces  are  the  physical  properties  of  chief  economic 
importance. 

Doctor  Merrill^  explains  the  cause  of  these  contrasts  very  satis- 
factorily : 

The  impact  of  the  hammer  breaks  up  the  granules  on  the  immediate  surface,  so  that 
the  light  falling  upon  it  is  reflected,  instead  of  absorbed,  and  the  resultant  effect  upon 
the  eye  is  that  of  whiteness.  The  darker  color  of  a  polished  surface  is  due  merely  to 
tlie  fact  that,  through  careful  grinding,  all  these  irregularities  and  reflecting  surfaces 
are  removed,  the  light  penetrating  the  stone  is  abs<^)rbed,  and  the  effect  uix)n  the  eye 
is  that  of  a  more  or  less  complete  absence  of  light,  or  darkness.  Obviously,  then,  the 
more  transparent  the  feldspars  and  the  greater  the  abundance  of  dark  minerals,  the 


"  M»'rrill,  Geo.  P.,  The  physical,  chemical,  and  economic  properties  of  building  stones:  Maryland 
Gcol.  Survey,  vol.  2,  189S,  p.  64. 
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greater  will  be  the  contrast  between  hammered  and  polished  surfaces.  This  is  a  matter 
worthy  of  consideration  in  cases  where  it  is  wished,  as  in  a*  monument,  to  liavo  a 
polished  die,  surrounded  by  a  margin  of  hammered  work  to  give  contrast. 

The  ordinary  granites,  while  taking  a  high  polish,  do  not  afford 
such  strong  contrasts  between  hammered  and  polished  surfaces  as 
do  the  "black  granites.'^  In  some  black  granites  this  seems  clearly 
to  be  due  to  their  larger  percentage  of  the  black  minerals,  but  in 
others,  as  some  of  the  quartz  diorites,  in  which  the  black  minerals  do 
not  exceed  those  in  some  gray  granites,  the  cause  of  this  marked 
contrast  must  be  sought  in  some  optical  proi)erty  of  the  soda-lime 
feldspar  and  in  its  relative  abundance. 

TEXT-BOOK  REFERENCES  ON  GRANITE  AND  BLACK  GRANITES. 

As  the  matter  contained  in  the  foregoing  pages  may  not  fully  pro- 
vide answers  to  all  questions  that  may  arise  in  the  minds  of  persons 
interested  in  tracing  the  phenomena  in  granite  quarries  to  their 
causes,  the  names  of  a  few  reliable  general  works  in  English  on  the 
subjects  considered  are  here  given. 

Diller,  Joseph  S.  Educational  series  of  roc*k  specimens  collected  and  distributed 
by  the  United  States  Geological  Survey:  Bull.  U.  S.  Geol.  Sur\'ey  No.  150. 
1898.  ^ 

Granites,  pp.  61, 170-180;  gabhro,  pp.  51.  52,  27H-288;  diorite,  pp.  241-244;  dialwso,  pp.  2i'>4-278; 
basalt,  pp.  51,  52,  254-256. 

Geikie,  Archibald.    Text-book  of  geolog>',  fourth  edition.     London.     1903. 

nranite,  etc.,  pp.  89,90,203-209,402-415,  71.5-W9;  gal»»»ro.  pp.  231 .  232,  25(>;  diorite,  p.  223; 
diabase,  p.  233;  basalt,  p.  234. 

Harker,  Alfred.  Petrography  for  students:  An  introduction  to  the  study  of  rocks 
under  the  microscope,  second  edition.     ( 'ambridge,  Eng.     1897. 

Granites,  pp.  27-41;  gabbros,  pp.  (J7-S3;  dioritr,  pp.  54-66;  basults,  pp.  18S-2()3. 

Hatch,  Frederick  H.     Text-book  of  petrolog>%  fourth  edition,     l^mdon.     1905. 
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SPECIAL  FEATURES. 

The  following  tliirteen  sections  contain  such  interesting  illustra- 
tions, either  of  subjects  already  touched  upon  in  the  general  discus- 
sion of  granite  (pp.  18-38)  or  of  closely  related  ones,  as  were  found 
in  visiting  the  quarries  for  the  j)reparation  of  tliis  bulletin. 
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RIFT   AND   GRAIN    RELATED   TO   FLUIDAL   CAVITIES. 

Rift  and  grain  structure  was  described  on  pages  19-22,  where 
reference  is  made  to  Mr.  Whittle's  paper  on  this  structure  as  shown 
at  Redstone,  N.  H.« 

During  the  writer's  visit  to  Redstone  a  specimen  of  the  pink 
granite  was  obtained,  with  a  face  4f  by  4  inches  cut  and  polished 
parallel  to  the  '^hard  way,"  that  is,  at  right  angles  to  both  rift  and 
grain;  also  a  specimen  of  the  green  granite  from  the  adjoining 
western  quarry,  5  by  4  inches,  cut  and  polished  in  the  same  way. 
Material  for  a  tliin  section  of  the  pink  was  also  obtained  and  a  section 
IJ  by  1  inch  in  area  was  cut  at  right  angles  to  both  rift  and  grain 
directions.  The  direction  of  the  rift  at  the  quarries  was  found  to  be 
horizontal,  crossing  the  sheets  which  curve  in  anticlinal  attitude 
across  the  axis  of  the  hill  with  a  dip  of  15°  both  to  the  east  and  west, 
while  the  grain  is  vertical  with  an  east  to  west  course,  and  corre- 
sponds with  the  most  prominent  set  of  joints. 

A  careful  examination  of  these  specimens  shows  rift  cracks  in  both 
the  feldspar  and  quartz  of  the  pink  granite,  though  they  are  more 
conspicuous  in  the  quartz,  partly  because  of  the  darkness  of  its  shade. 
Grain  cracks  are  less  abundant.  The  green  granite  shows  both  rift 
and  grain  cracks,  if  anything,  more  abundant,  though  not  as  easily  seen 
as  in  the  quartz  of  the  pink  granite.  The  large  thin  section  shows  12 
prominent  rift  cracks  in  the -quartz  areas  in  a  space  of  1.2  inches 
measured  along  the  grain,  that  is,  with  an  average  distance  apart  of 
one-tenth  inch.  The  grain  cracks  are  far  less  frequent  and  less 
continuous.  That  these  rift  and  grain  cracks  were  not  caused  by 
hammering  or  by  cutting  the  section  is  shown  by  the  fact  that  some 
of  them  are  filled  with  secondary  fibrous  mica.  The  quartz  areas 
also  show  two  intei-secting  sets  of  lines,  really  sheets  or  planes  of  gas 
or  liquid  inclusions,  the  latter  with  vacuoles.  Many  of  these  cavities 
are  veiy  irregular  in  outline,  some  having  several  ramifications.  They 
all  range  in  diameter  from  less  tlian  0.00285  to  0.063  millimeter.  The 
strike  of  these  two  sets  of  sheets  corresponds  respectively  to  that  of 
tlie  rift  and  grain.  Some  of  the  rift  or  grain  cracks  appear  to  have 
followed  the  sheets  of  cavities,  for  they  coincide  with  them.  Portions 
of  this  section  are  shown  in  fig.  1. 

Ill  reexaniinin<^  the  thin  section  of  trranite  from  near  Pleasant  Beach, 
in  Maine,  represented  in  fi^]:.  1,  p.  28,  of  Bulletin  313,  sheets  of  cavities 
\v(»re  found  in  it,  some  parallel  to  the  rift  cracks  and  some  coincidinsr 
with  thoni,but  thev  are  not  so  conspicuous  or  continuous  as  those  in 
the  jj:ranite  from  Redstone,  X.  II.,  and  thus  at  first  escaped  the 
writer's  notice.     Emerson^  in  descrihintr  the  granite  of  Becket,  Mass.. 

"  Whittl".  (\  L.,  Hiftine:.MiKl  ^rain  in  graiiit«':  Eng.  and  Min.  Jour.,  vol.70.  190(),  p.  Iftl.  fifrs.  1  and  2 
f>  KnuTson,  B.  K.,  The  geology  of  eastern  IJerkshire  County,  Mass.:  Bull.  U.  S.  G«ol.  Survey  No.  159. 

18D9.  p.  73. 


SCIENTIFIC  DISCUSSION. 


43 


uses  these  words:  ''The  quartz  grains  were  full  of  sheets  of  cavities, 
with  large  moving  bubbles/'  Washington^  refers  to  streaks  of  in- 
clusions in  the  greenish  granite  of  Bay  View  on  Cape  Ann:  "Gas  and 
liquid  inclusions,  the  latter  carrying  a  movable  bubble,  are  quite 
abundant  though  small  and  occur  in  streaks  J  ^ 
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Fio.  1.— Camera  lucida  drawings  of  quartz  areas  in  an  enlarged  thin  section  of  biotite  granite  from 
Redstone,  N.  H.,  cut  parallel  to  the  '"hard  way."  A,  cnlargc<l  fi2J  diameters,  shows  sheets  of  cavities 
and  incipient  cracks  in  both  rift  and  grain  directions.  B,  from  a  difTerent  <juartz  area,  enlarged  175 
diameters,  shows  the  variation  in  the  size  of  the  cavities  and  their  arrangement  in  both  rift  and  grain 
directions.  C,  from  still  another  quartz  area,  enlarged  23i  diamet(»rs,  shows  conspicuous  rift  and 
graincracks,  filled  with  fibrous  white  mica,  coinciding  here  and  therewith  the  sh(>ots  of  cavities,  also 
two  parallel  exceptional  fractures  crossing  the  rift  and  grain  directions  diagonally.  D  shows  part 
at  one  ol  the  grain  sheets  of  cavities  of  C,  enlarged  175  diameters  in  order  to  show  the  shapes  of  the 
cavities.  As  most  of  these  sheets  of  cavities  in  the  section  appear  to  undulate  in  the  direction  of  the 
line  of  vision  when  placed  under  the  microscope  the  outlines  of  all  the  cavities  Kvomo  visible  only 
by  altering  the  focas. 

At  the  Redstone  quarrj^  at  Westerly,  R.  I.,  the  quartz  has  cavities 
in  sheets  with  rift  cracks  parallel  to  them.  In  a  veinlet  of  quartz  and 
feldspar  at  the  Calder&  Carnie  (juarry  at  tlie  same  place  (p.  203)  the 
quartz  particles  are  crowded  with  cavities  in  sJioets  parallel  to  tlie  side 
of  the  vein  and  also  in  line  with  streaks  of  kaolinization  in  the  feld- 
spars.    A  smoky  quartz  vein  (averaf]:ing  0.35  inch  thick)  of  pej^na- 

aWaahlngtOD,  H.  S.,  The  petrographical  province  of  Essex  County,  Mass.,  I:  Jour.  Geol.,  vol.  G  (8) 
NoTw-Deo.  1896,  p.  700. 
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titic  origin,  observed  by  the  writer  in  1907  in  the  A.  Mihie  quany  at 
Barre,  Vt.,  shows  many  roughly  parallel  diagonal  fractures.  In  thin 
section  it  has  a  largely  feldspathic  border,  0.2  inch  thick,  which  is 
partly  micacized,  and  inside  of  it  the  quartz  is  in  places  granulated. 
Discontinuous  sheets  of  cavities  with  vacuoles  extend  both  in  the 
direction  of  the  vein  and  at  right  angles  to  it,  and  some  cracks  with 
granular  quartz  zigzag  along  these  directions.  In  places  the  cavities 
are  abundant  but  without  apparent  arrangement. 

At  the  Milford  Granite  Company's  quarry,  Milford,  N.  H.  (p.  173), 
the  quartz  of  a  quartz-augite  diorite  gneiss  overlying  the  granite  has 
cavities  arranged  in  sheets  intersecting  one  another.    Sheets  of  cavities 
intersecting  one  another  at  right  angles  and  with  rift  and  grain  cracks 
parallel  to  them  were  also  observed  in  granite  sections  from  the 
Becket,  Mass.,  quarry  (p.  141) ;  and  in  several  other  granites  described 
in  this  bulletin  the  cavities  are  arranged  in  rectangular  sheets.    This 
has  also  been  found  to  be  true  in  many  sections  of  Vermont  granites 
quite  recently  studied.     One  of  these  from  Cobble  Hill  near  Bane 
shows  quartz  with  sheets  of  cavities  with  conspicuous  rift  cracks 
parallel  to  or  coinciding  with  them.     Some  of  the  rift  cracks  polaiue 
brightly  and  extend  into  the  feldspars  where  they  are  clearly  filled 
with  fibrous  muscovite.     But  in  other  sections,  cut  without  reference 
to  rift  or  grain  directions,  the  sheets  of  cavities  intersect  at  all  angles 
or  the  cavities  have  no  apparent  arrangement.     Many  such  irregu- 
larities thus  result  simply  from  the  haphazard  direction  of  the  section. 
For  this  reason  probably  Rosenbusch  refers  to  their  occurrence  in 
apparently  irregular  groups  or  courses  only. 

In  the  thin  section  of  Redstone,  N.  H.,  granite,  described  on  page 
42,  some  of  the  sheets  of  cavities  pass  uninterruptedly,  and  without 
deflection  from  one  quartz  particle  to  another  and  the  rest  do  not 
appear  to  terminate  abruptly  at  the  edge  of  the  particle.  The  passage 
of  sheets  of  cavities  from  particle  to  particle  without  interruption  or 
deflection  can  be  observed  also  in  a  section  (109,  specimen  36,  b) 
from  the  adjoining  green  granite  of  Redstone,  also  in  one  (150,  speci- 
men 38,  a)  from  the  White  Mountain  quarry  near  North  Conway. 
This  is  also  tlie  case  in  several  sections  of  Quincy  granite  (234,  speci- 
men 79,  f,  from  the  Ilardwick  quarrj^,  and  206,  specimen  85,  a,  from 
the  Mount  Pleasant  quarry,  Milton)  and  in  some  (221,  228,  specimen 
91,  f)  from  the  Beckot  (Chester),  Mass.,  quarry.  There  is  also  in  all 
these  sections  a  general  parallelism  in  the  sheets,  which  lie  either  in 
the  rift  or  the  grain  directions  or  between  these  and  the  rift  or  grain 
cracks,  but  some  sections  also  have  sheets  of  cavities  diagonal  to  those 
directions.  Even  sections  cut  parallel  to  rift  or  grain  or  at  right 
an^^les  to  ])()th  usually  sliow  cavities,  more  or  less  abundant,  which  are 
without  any  ai)i)arent  arrangement. 
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These  facts  point  to  the  probability  of  an  intimate  relation  between 
the  arrangement  of  the  inclusions  and  the  rift  and  grain  structure.  If 
the  cavities,  containing  water  or  liquid  carbonic  acid,  or  either  of 
these  in  a  gaseous  form,  in  the  quartz  of  granite,  are  correctly  regarded 
as  having  originated  at  the  time  of  the  crystallization  of  the  material 
of  the  granite,  then  the  rift  and  grain  structure  would  seem  to  be  either 
original  also  or,  if  secondary,  to  have  had  its  directions  generally  de- 
termined by  those  of  the  sheets  of  inclusions. 

No  such  rows  of  fiuidal  cavities  which  Rosenbusch"  describes  as 
connected  by  fine  cylindrical  canals  and  as  occurring  especially  in 
granites  containing  quartz  with  crush  borders,  have  been  detected 
in  the  New  England  granites  studied  by  the  writet-.  Rosenbusch 
regards  these  as  possibly  of  secondary  origin  or  else  caused  by  moun- 
tain pressure. 

Van  Hise*  points  out  that  in  a  certain  quartzite  of  the  Black  Hills 
rows  of  minute  gas-  or  liquid-filled  inclusions  running  in  parallel  lines 
across  the  entire  section,  transverse  to  the  longer  axes  of  the  (juartz 
grains,  with  rows  of  black  ferrite  and  secondarj'  quartz  similarly 
oriented,  are  of  secondary  origin.  He  regards  them  as  probably  due 
to  the  fracture  of  the  grains  bj^  mechanical  action  and  the  introduction 
of  liquid  along  the  cracks  with  the  later  deposition  of  secondarj^  quartz, 
which  has  retained  the  liquid  as  inclusions. 

Some  vitreous  Cambrian  quartzite  collected  by  the  writer  near  Fort 
Ann,  Washington  County,  N.  Y.,  Mettawee  quadrangle,  in  1899, 
shows  in  thin  section  enlargement  of  the  original  quartz  grains  by  sec- 
ondary interstitial  quartz  and  also  sheets  of  liquid  inclusions  inter- 
secting one  another  at  various  angles  within  the  cjuartz  grains.  As 
these  sheets  of  cavities  stop  abruptly  at  the  edge  of  the  original  (juartz 
grains,  and  the  cgurses  of  the  sheets  in  different  grains  are  not  parallel 
but  quite  discordant  with  one  another  it  is  evident  that  these  liquid 
inclusions  antedate  the  metamorphism  which  prochiced  the  quartzite.^ 
A  thin  section  of  a  calcareous  sandstone  from  the  same  vicinityshows 
similar  sheets  of  cavities  in  its  quartz  grains,  but  their  directions  are 
such  that  they  can  have  had  no  relation  whatever  to  the  bedding 
planes  of  the  sandstone  or  to  any  secondary"  fractures  in  it,  but  their 
origin  must  date  back  to  the  granite  or  gneiss  from  which  they  came. 

The  inference  to  be  drawn  from  the  Black  Hill  and  Fort  Ann  (juartz- 
ites  is  that  lines  or  sheets  of  fluidal  cavities  within  the  quartz  grains 
of  a  quartzite  may  be  secondary  or  primary' — that  is,  they  may  have 
originated  in  the  process  of  the  formation  of  the  quartzite  or  they  may 

a ICiknwkoplacbe  Pbysiographio,  4th edition,  1907,  vol.  2  (1),  pp.  41-42. 

»Van  HIm»  C.  R.,  Pre-Cambrian  of  the  Black  Hills:  Bull.  Geol.  Soc.  America,  vol.  1.  IK90,  pp.  210-218 
And  fig.  4;  alio  A  txeatise  on  metamorphism:  Mon.  U.  S.  Genl.  Survey,  vol.  47.  p.  020. 

tfSee  alio  ICerrilli  Q.  P.,  Fluidal  cavities  in  quartz  grains  of  sandstones:  Science,  vol.  1, 188.3,  p.  221. 
He  CftDs  Attention  to  the  same  Fort  Ann  sandstone  or  quartzite  and  to  the  rapid  movement  of  the 
I  wttUn  the  fluidal  cavities. 
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have  been  associated  with  that  of  the  parent  granite  or  gneiss  itself. 
The  thin  sections  themselves  will  indicate  in  most  cases  the  mode  of 
origin. 

Still  another  mode  of  origin  of  fluidal  cavities  is  illustrated  in  a  thin 
section  of  an  inclusion  of  plicated  fine-grained  biotite  gneiss  (quartz, 
microcline,  biotite,  muscovite,  rarely  allanite)  in  a  granite  (quartz 
monzonite)  at  the  Morrison  quarry,  on  Blue  Mountain,  in  South  Rye- 
gate,  Vt.,  visited  by  the  writer  in  1907.     This  section  shows  parallel 
sheets  of  cavities  with  vacuoles,  passing  from  one  quartz  grain  to  an- 
other, without  interruption  or  deflection,  in  a  direction  at  right  angles 
to  the  foliation  of  the  gneiss.     Had  these  cavities  been  formed  at  the 
time  of  the  intrusion  of  the  original  granite  from  which  the  gneiss  was 
formed  the  sheets  would  hardly  have  preserved  their  parallelism  under 
the  distortion  of  the  quartz  grains.     Sections  across  the  contact  of 
schistose  inclusions  with  their  inclosing  granite  from  other  localities 
in  Vermont  show  sheets  of  cavities  in  the  quartz  of  the  granite  stopping 
abruptly  at  the  quartz  particles  of  the  inclusion.     A  thin  section 
across  the  contact  of  granite  and  its  original  schist  capping  at  the 
Marr  &  Gordon  quarry  in  Barre,  Vt.,  shows  many  sheets  of  cavities 
with  vacuoles  crossing  the  quartz  particles  at  distances  of  from  0.094 
to  0.3  mm.  and  roughly  parallel  to  the  contact  plane  of  the  two  rocks. 
A  few  shorter  sheets  of  cavities  also  cross  the  first  set  at  right  angles 
and  presumably  in  the  grain  direction.     Although  the  two  rocks  are 
firmly  welded  together,  the  sheets  of  cavities  do  not  extend  into  the 
quartz  particles  of  the  schist.     The  presumption,  therefore,  is  that 
the  cavities  in   this   Ryegate  specimen  originated  during  the  last 
stages  of  the  formation  of  the  gneiss  and  under  conditions  of  pressure, 
moisture,  and  heat  quite  as  great  as  those  accompanying  the  granite 
intrusion.     The  sheets  of  cavities  observed  in  the  gjieiss  capping  the 
granite  at  Milford,  N.  H.  (p.  173),  and  in  the  diorite  schist  capping  the 
granite  at  Becket,  Mass.  (p.  143),  probably  originated  in  the  same  way 
as  those  in  the  Ryegate  inclusion. 

That  these  fluidal  cavities  in  the  quartz  of  granite  are  not  the  only 
factor  in  the  origin  of  rift  and  grain  structure  is  evident  from  the 
parallelism  which  exists  between  the  arrangement  of  the  mica  scales 
and  the  rift  of  many  granites.  (See  p.  146.)  The  dete^ction  of  this 
arrangement  of  the  mica  is  the  principal  means  of  determining  the 
course  of  the  rift  before  actual  experiment.  Similarly  the  course  of 
the  hardway  in  a  (juarried  block  is  ascertained  by  the  greater  roughness 
of  the  particles  to  the  touch  on  tlie  hardway  side  than  on  either  ofthe 
others. 

A  remark  hy  Buckle V  as  to  the  rift  in  certain  Wisconsin  porphy- 
ritic  rhyolitos  covers  several  possibilities  as  to  the  mode  of  origin  of 
that  structure  in  granite.     "The  rift  maybe  the  result  of  flowage 

'I  Buckley,  E.  R..  C)ii  the  building  ami  oruamentalstoues  of  Wisconsin:  Bull.  Wisconsin  Geol.  and  Nat. 
Hist.  Survey,  No.  4.  1^8.  p.  440. 
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planes  developed  before  the  rock  was  completely  solidified,  it  may 
have  been  occasioned  by  alterations  since  the  formation  of  the  rock, 
or  it  may  be  the  result  of  both/' 

The  observations  at  Redstone,  N.  11.,  indicate  that  the  arrange- 
ment of  fluidal  and  gaseous  cavities  took  place  in  rectangular  direc- 
tions during  consolidation,  and  probably  governed  the  courses  of 
rift  and  grain  produced  by  strains  after  consolidation;  and  any 
parallelism  between  the  mica  scales  in  the  rift  direction  must  be 
regarded  as  having  originated  at  the  same  time  as  the  arrangement 
of  the  fluidal  cavities,  and  to  have  been  governed  by  the  same  general 
cause. 

That  any  alignment  of  the  mica  scales  in  the  direction  of  the  sheets 
of  fluidal  cavities  and  the  rift  cracks  is  not  necessarily  identical  with 
their  arrangement  or  that  of  the  fedlspar  by  flow  structure  is  shown 
by  the  following  observations  in  New  England  granite  quarries:  At 
Moimt  Waldo,  Frankfort,  Me.,  flow  structure  strikes  N.  20°  W.,  rift 
is  horizontal  and  grain  vertical  with  N.,  85°  W.  course.  At  the  Tayn- 
tor  quarry,  Hallowell,  Me.,  flow  strikes  N.  35°  W.,  rift  is  horizontal 
and  grain  vertical  with  N.  70°  W.  course.  At  North  Jay,  Me.,  flow 
is  horizontal  in  imdulations  20  feet  wide  and  rift  is  horizontal  without 
grain.  At  Dodlin  Hill,  Norridgewock,  Me.,  rift  is  horizontal,  flow  and 
grain  are  both  vertical  with  N.  60°  E.  course.  The  Norite  at  the  Hall 
quarry,  near'  Baileyville,  Me.,  has  horizontal  sheet,  flow,  and  rift 
structure.^ 

At  Milford,  N.  H.  (p.  158),  flow  varies  greatly,  N.,  N.  15°,  20°,  50°, 
70°  E.,  and  N.  75°-80°  W.,  rift  is  horizontal  or  nearly  so,  and  grain 
about  vertical  with  N.  60°-90°  W.  and  80°  E.  course.  At  the  Klon- 
dike quarry,  near  Niantic,  R.  I.,  flow  is  N.  10°-20°  W.,  dipping  west, 
intersecting  a  feeble  horizontal  rift.  At  Milford,  Mass.,  there  is  a 
wide  range  in  both  strike  and  dip  of  flow,  but  rift  is  everywhere 
reported  as  horizontal  and  grain  as  vertical  with  N.  40°-90°  E.  course. 
In  places  flow  and  rift  are  parallel  (p.  77). 

Incidentally,  attention  may  here  be  directed  to  a  fact  familiar  to 
all  geologists  engaged  in  the  microscopic  examination  of  granites;  that 
is,  the  movement  of  the  bubbles  (vacuoles)  within  the  fluidal  cavities 
of  the  quartz  particles.  Whether  due  to  the  effect  of  light  or  to  other 
causes,  visible  motions  within  a  rock  of  such  density  and  antiquity  as 
granite  is  very  suggestive.  These  motions  were  found  to  be  as  per- 
ceptible within  the  quartz  grains  of  the  Fort  Ann  quartzite  (noted 
also  by  Merrill,  see  p.  45)  as  in  the  quartz  particles  of  the  Redstone, 
N.  H.,  granite.  The  writer  has  also  observed  them  in  the  quartz  of 
segregation  veins  in  Cambrian  slate  from  Vermont,  in  which  the 
fluidal  cavities  obviously  originated  at  the  time  of  the  origin  of  the 
vein. 


a  See  for  all  these  facts  Bull.  313,  pp.  82, 121, 151,  155, 162. 
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SOME    SUBJOINTS   DUE   TO    STRAINED   VEINS. 

On  page  32  the  term  sub  joints  was  applied  to  certain  minor  joints 
which  either  branch  off  at  various  angles  from  main  joints  or  are 
parallel  and  close  to  them.  It  is  here  extended  to  include  also  series 
of  minor  parallel  joints  traversing  quartz  veins. 

Such  jointed  veins  occur  in  several  quarries  at  Quincy  on  the  North 
Commons.  They  are  made  conspicuous  by  a  zone  of  light  discolor- 
ation in  the  granite  on  either  side  of  the  vein.  At  the  Field  &  Wild 
quarry  (see  p.  105)  these  veins  recur  at  intervals  of  2  to  25  feet, 
with  a  north  and  northwest  strike  and  a  southwest  dip.  They  are 
crossed  every  inch  or  two  by  sub  joints  about  1  foot  long,  which  strike 
about  N.  15°  W.  and  dip  east  like  the  chief  joints  of  that  quam'. 
At  the  Qalvin  quarry  (see  p.  104)  similar  quartz  veins,  striking  N.  25° 
W.  and  dipping  south-southwest,  are  crossed  by  vertical  subjoints  an 
inch  apart  and  a  foot  long,  with  a  northerly  strike  like  that  of  the 
major  joints.  These  relations  are  shown  in  PI.  Ill,  B.  Workmen 
report  that  the  granite  near  such  veins  is  harder  than  elsewhere. 

These  subjoints  may  be  accounted  for  by  the  greater  rigidity  and 
vitreousness  of  the  veins  and  the  adjacent  granite,  thus  causing  them 
to  fracture  more  readily  than  the  surrounding  rock  imder  the  joint- 
forming  movements.  Although  parallel  to  the  major  joints  such 
subjoints  may  have  been  formed  at  a  different  time. 

PEGMATITE   DIKES    IN   GROUPS. 

The  granite  of  Milford,  N.  H.,  i^  crossed  by  the  usual  pegmatite 
dikes,  but  at  several  quarries  instead  of  being  single  or  ramifying  they 
occur  in  parallel  sets  of  three  to  twelve  and  have  sinuous  courses. 
This  grouping  is  exceptional  in  the  284  granite  quarries  thus  far  visited 
by  the  wTiter.  At  the  old  Field  quarry,  near  the  village,  the  indi- 
vidual dikes  measure  from  one-fourth  of  an  inch  to  1  inch  in  width 
and  number  up  to  ten  in  a  set,  and  the  sets  recur  at  intervals  of  15  to 
20  feet.  At  the  Ilayden  quarr}'^,  a  mile  south,  such  dikes,  from  one- 
fourth  to  1  inch  wide  and  up  to  twelve  in  a  group,  recur  at  intervals 
of  20  to  30  feet.  At  the  Young  quarry,  midway  between  these  locali- 
ties, the  sets  consist  of  three  to  eight  dikes  up  to  3  inches  thick  and 
recur  at  intervals  of  20  feet.  The  dikes  here  meander  and  unite  ui 
the  most  intricate  manner,  occupying  bands  of  granite  5  to  10  i^^ 
thick,  which  in  quarrying  have  to  be  discarded.  PI.  VI,  B,  shows 
four  sets  of  these  dikes.  Somewhat  similar  dikes  were  noted  by  the 
writer  in  a  small  quarry  3  miles  northeast  of  Le^Tston,  Me.,  where  a 
fine-grained  biotite  gneiss  is  traversed  in  a  space  of  30  feet  by  27  peg- 
matite dikes  ranging  from  1  inch  to  2  feet  in  thickness  and  all  dipping 
80°.  The  pegmatite  of  Milford,  N.  II.,  consists  of  oligoclase,  smok}' 
quartz,  microcline,  biotite,  and  accessory  magnetite,  allanite,  and 
zircon. 
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netite  of  the  dike  are  thickly  disseminated  in  the  granite;  in  another 
both  rocks  are  merged  into  one  containing  the  minerals  of  both. 

This  diabase  mass  appears  to  have  been  injected  at  the  time  of  the 
intrusion  of  the  other  diabase  dikes  of  the  cape  and  to  owe  its  shape 
to  an  irregular  east-west  fissure  with  a  northern  inclination.  That 
the  intrusion  probably  took  place  imder  considerable  pressure  and 
heat  is  shown  by  the  commingling  of  the  minerals  of  both  rocks  along 
their  contact. 

MUSCOVITE   VEINS    C'SAND   SEAMS "). 

At  some  of  the  Concord,  N.  H.,  quarries  the  muscovite-biotite 
granite  is  traversed  here  and  there  by  what  quarrj^men  term  '^sand 
streaks''  or  "sand  seams."  These  are  veins  of  white  mica  from  one- 
tenth  to  two-fifths  inch  wide  with  a  border  of  quartz  and  feldspar 
about  another  tenth  inch  on  each  side.  The  mica  plates  measure  up 
to  0.07  inch  in  diameter.  Some  of  these  veins,  however,  consist  almost 
entirely  of  mica  plates  without  any  regular  arrangement,  attain  a 
thickness  of  1 J  inches,  and  have  mica  plates  up  to  0.2  inch. 

Veins  of  kindred  but  not  identical  character  were  observed  at  Mil- 
ford,  N.  H.  At  the  disused  Field  quarry  muscovite  veins,  half  an  inch 
wide,  with  a  central  parting,  recur  at  intervals  of  15  to  20  feet. 
They  strike  like  the  pegmatite  dikes  referred  to  on  page  48,  and  are 
discontinuous,  not  exceeding  6  feet  at  a  stretch  and  being  in  places 
but  a  few  inches.  At  the  neighboring  quarries  of  the  Milford  Granite 
Company  there  is  a  heading  striking  N.  30°  E.,  the  joints  of  which 
inclose  segregation  veins  of  muscovite  and  quartz,  the  cjiiartz  in  the 
center.  These  are  from  0.1  to  0.5  inch  wide  and  the  granite  is  discol- 
ored up  to  half  an  inch  on  each  side.  This  is  due  to  the  oxidation  of 
ferruginous  matter  within  the  soda-lime  feldspars,  which  turns  them 
bright  reddish.     The  biotite  is  also  chloritized. 

It  will  be  noticed  that  these  Concord  and  Milford,  N.  II.,  veins  difFer 
in  that  the  former  usually  have  muscovite  in  the  center,  hut  in  the 
latter  quartz  occupies  that  position.  Both  kinds  of  veins  may  be 
attributed  to  the  percolation  of  mineral  solutions  along  fissures.  In 
either  case  the  outer  mineral  was  deposited  first.  The  j)r()xiiiiity  and 
parallelism  of  many  of  these  veins  to  pegmatite  dikes  suggest  that 
although  deposited  from  solutions  they  were  probably  intimately 
related  to  the  pegmatite  dikes  and  formed  at  the  same  time.  In  that 
case  the  heading  referred  to  at  Milford  antedates  the  sheet  structure. 

FELDSPARS. 


Although  the  shade  of  a  granite  is  largely  determined  by  that  of  its 
quartz  particles  and  the  relative  abundance  and  size  of  its  black  mica 
scales,  its  color  is  almost  always  determined  by  that  of  its  feldspars. 
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ish  metallic  areas  of  the  middle  zone  consist  of  magnetite,  titanite,  epi- 
dote,  zircon  in  double  pyramids,  allanite,  fluorite,  SBgirite,  and  quartz. 
This  cylindrical  dike  is  thus  a  riebeckite-segirite  granite;  that  is, 
a  granite  containing  varieties  of  hornblende  and  augite  rich  in  soda 
and  ferric  oxide,  but  poor  in  alumina,  magnesia,  and  lime,  and  thus 
resembles  the  surrounding  granite,  but  its  particles  are  much  coarser 
and  radially  arranged;  some  of  its  accessory  minerals  are  exceptional 
and  the  others,  as  well  as  its  secondary  minerals,  are  more  abundant. 
The  accessory  minerals  noted  either  by  Professor  Palache  or  by  the 
writer  include  sphalerite,  galenite,  molybdenite,  magnetite,  fluorite, 
allanite,  titanite,  and  zircon.  The  secondary  minerals  are  kaolin, 
epidote,  hematite,  and  limonite.  Both  segirite  and  riebeckite  are  re- 
garded as  primary.  (See  p.  97.)  Mr.  Fuller  stated  that  the  mass  as 
then  exposed  seemed  to  ramify  downward. 

Another  dike  of  unusual  form,  composed  of  fine-grained  black 
hornblende  diabase,  is  exposed  at  the  bottom  of  the  Rockport  Granite 

Company's  ''Deep  Et," 
near  Bay  View,  on  Cape 
Ann,  195  feet  below  the  sur- 
face, as  shown  in  PI.  V,  5, 
and  in  more  detail  in  fig.  2. 
It  dips  to  the  north.  Its 
original  upper  surface,  30 
feet  above  its  present  sur- 
face, is  reported  as  not  over 
8  feet  in  diameter.  As 
shown  in  PI.  V,  the  quarry 
is  traversed  by  two  inter- 
secting basic  dikes.  The 
one  nearest  to  this  mass,  10  feet  west  of  it,  is  not  a  hornblende  dia- 
base (ophitic  texture  with  hornblende  and  biotite),  but  a  lamprophyre 
without  biotite  (porph^Titic  texture  with  augite).  The  large  dike 
on  the  east  side,  which  from  its  dip  must  traverse  the  granite  about 
80  feet  east  of  the  mass  in  question,  proves  to  be  also  a  hornblende 
diabase.  The  connection,  therefore,  of  the  central  mass  will,  if  exca- 
vations proceed  deep  enough,  very  probably  be  foiuid  to  be  'srith  the 
dike  on  tlie  east,  not  with  that  on  the  west. 

Thin  sections  of  the  fnie-tj^rained  rim  of  one  of  the  dikelets  protrud- 
ing from  this  mass  and  of  the  f]:ranite  next  to  it  bring  out  interesting 
facts.  The  rim  sends  out  branches,  from  an  eighth  to  a  fourth  of  a 
niiHinietor  long,  into  the  granite.  In  places  both  rocks  are  dove- 
tailed into  one  another.  The  rim  consists  of  minute  roundish  particles 
of  hornblende  and  incipient  crystals  of  feldspar  and  fine  particles  of 
magnetite.  There  are  crowds  of  apatite  crystals  along  the  contact 
and  a  little  secondary  calcite.     In  one  place  the  hornblende  and  mag- 


FiG.  2.— Diagram  sketch  of  horizontal  cross  section  of  In- 
jection of  hornblende  diabase  at  Deep  Pit  granite  quarry, 
near  Bay  View,  on  Cape  Ann,  Massachusetts.  Length, 
north  to  south,  25  feet,  and  east  to  west  8  feet.  The  fine 
ramifications  are  up  to  3  feet  by  1  inch  in  size. 
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netite  of  the  dike  are  thickly  disseminated  in  the  granite;  in  another 
both  rocks  are  merged  into  one  containing  the  minerals  of  both. 

This  diabase  mass  appears  to  have  been  injected  at  the  time  of  the 
intrusion  of  the  other  diabase  dikes  of  the  cape  and  to  owe  its  shape 
to  an  irregular  east- west  fissure  with  a  northern  inclination.  That 
the  intrusion  probably  took  place  under  considerable  pressure  and 
heat  is  shown  by  the  commingling  of  the  minerals  of  both  rocks  along 
their  contact. 

MUSCOvrrE  veins  C'sand  seams"). 

At  some  of  the  Concord,  N.  H.,  quarries  the  muscovite-biotite 
granite  is  traversed  here  and  there  by  what  quarrymen  term  ''sand 
streaks''  or  *'sand  seams."  These  are  veins  of  white  mica  from  one- 
tenth  to  two-fifths  inch  wide  with  a  border  of  quartz  and  feldspar 
about  another  tenth  inch  on  each  side.  The  mica  plates  measure  up 
to  0.07  inch  in  diameter.  Some  of  these  veins,  however,  consist  almost 
entirely  of  mica  plates  without  any  regular  arrangement,  attain  a 
thickness  of  1 J  inches,  and  have  mica  plates  up  to  0.2  inch. 

Veins  of  kindred  but  not  identical  character  were  observed  at  Mil- 
tordy  N.  H.  At  the  disused  Field  quarry  muscovite  veins,  half  an  inch 
wide,  with  a  central  parting,  recur  at  intervals  of  15  to  20  feet. 
They  strike  like  the  pegmatite  dikes  referred  to  on  page  48,  and  are 
discontinuous,  not  exceeding  6  feet  at  a  stretch  and  being  in  places 
but  a  few  inches.  At  the  neighboring  quarries  of  the  Milford  Granite 
Company  there  is  a  heading  striking  N.  30°  E.,  the  joints  of  which 
inclose  segregation  veins  of  muscovite  and  quartz,  the  quartz  in  the 
center.  These  are  from  0.1  to  0.5  inch  wide  and  the  granite  is  discol- 
ored up  to  half  an  inch  on  each  side.  This  is  due  to  the  oxidation  of 
ferruginous  matter  within  the  soda-lime  feldspars,  which  turns  tliem 
bright  reddish.     The  biotite  is  also  chloritized. 

It  will  be  noticed  that  these  Concord  and  Milford,  X.  II.,  veins  differ 
in  that  the  former  usually  have  muscovite  in  the  center,  hut  in  the 
latter  quartz  occupies  that  position.  Both  kinds  of  veins  may  be 
attributed  to  the  percolation  of  mineral  solutions  along  fissures.  In 
either  case  the  outer  mineral  was  deposited  first.  The  proximity  and 
parallelism  of  many  of  these  veins  to  pegmatite  dikes  suggest  that 
although  deposited  from  solutions  they  were  probably  intimately 
related  to  the  pegmatite  dikes  and  formed  at  the  same  time.  In  that 
case  the  heading  referred  to  at  Milford  antedates  the  sheet  structure. 

FELDSPARS. 


Although  the  shade  of  a  granite  is  largely  determined  by  that  of  its 
quartz  particles  and  the  relative  abundance  and  size  of  its  black  mica 
scales,  its  color  is  almost  always  determined  by  that  of  its  feldspars. 
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The  colors  of  feldspars  in  commercial  granite  are  so  varied  as  to  be  an 
object  of  interest  not  only  to  the  geologist  but  to  the  quarryman  and 
the  architect.  Even  the  small  number  of  granites  considered  in  this 
bulletin  have  feldspars  of  eight  colors — ^bluish,  greenish,  olive-green, 
pea-green,  cream  color,  pink,  reddish,  and  greenish  brown.  Some  are 
colorless  and  transparent,  others  are  dark  or  light  gray,  while  the  col- 
ored ones  may  be  either  transparent,  translucent,  or  opaque.  The 
relative  opacity  is  mainly  determined  by  degree  of  kaolinization  and 
micacization. 

In  some  cases  the  origin  of  the  color  is  not  easily  determinable. 
Thus  the  feldspar  of  Concord  granite  is  translucent,  with  a  slight  bluish 
tinge,  but  the  sections  show  no  mineral  which  would  produce  such  a 
tinge.  In  other  cases,  however,  the  results  of  microscopic  examina- 
tion are  more  satisfactory.  Thus  one  of  the  Rockport  granites  (p.  132) 
owes  its  greenish  tinge  to  chlorite  scales  and  limonite  stain.  The  Mil- 
ford,  Mass.,  granites  (p.  75)  have  a  delicate  pink  orthoclase  and  a 
yellow-greenish  plagioclase.  The  greenish  tint  is  due  to  innumerable 
minute  crystals  of  epidote  and  a  few  scales  of  chlorite.  The  smallest 
of  these  epidote  crystals  measure  about  0.001  millimeter.  The  ortho- 
clase is  much  kaoUnized  and  the  cause  of  the  pinkish  tinge  is  not 
apparent  but  is  supposed  to  be  due  to  the  presence  of  infinitesimal 
particles  of  reddish  hematite  (Fefi^). 

The  reddish  biotite  granite  of  the  Redstone  quarry  at  Westerly, 
R.  I.  (p.  200),  contains  a  pinkish  potash  feldspar  and  a  cream-colored 
plagioclase,  both  translucent  and  more  or  less  micacized.  They  are 
both  stained  reddish  here  and  there  by  hematite  (Fefi^)  proc^ding 
from  the  oxidation  of  magnetite  particles  (Fe304).  This  shows  how 
the  reddish  color  may  be  brought  about.  A  similar  reddening  of  the 
feldspar  along  the  joint  faces  at  Redstone,  N.  H.,  is  due  to  hematite 
plainly  proceeding  from  magnetite  particles  (p.  181). 

The  olive-green  granite  of  Rockport  (p.  135)  contains  a  grayish 
olive-green  orthoclase  which  appears  crowded  with  opaque  particles, 
presumably  kaolin,  the  largest  of  which  range  from  0.0028  to  0.014 
millimeter.  There  is  yellow  limonitic  (Fe^OgH,,)  staining  both  along 
the  rift  cracks  and  about  the  opaque  particles,  some  of  which  may  be 
ferrous  iron  (FeO)  instead  of  kaolin.  This  limonite  stain,  in  connec- 
tion with  an  original  bluish  tinge  unaccounted  for,  produces  the  olive 
ojreen.  This  granite  contains  also  biotite  and  allanite.  The  similar 
olive-green  granite  from  Redstone,  N.  II.  (p.  182),  owes  its  green  tinge 
more  to  the  color  of  the  quartz  than  to  that  of  the  feldspar.  The  felJ- 
spar  is  a  medium  bluish  gray  with  an  occasional  yellow-stained  cleav- 
age or  rift  crack.  The  limonite  stain  here  clearly  proceeds  from  the 
alteration  of  somewhat  abundant  particles  and  crystals  of  allanite,*' 
as  shown  in  fig.  3,  and  also  from  particles  of  hornblende. 


n  Sef>  glossary  (p.  217) ,  also  Iddlngs  and  Cross,  On  the  widespread  occurrence  of  allanite  as  an  accessory 
constituent  of  many  rocks:  Am.  Jour.  Sci.  (3)  vol.  30, 1885,  pp.  108-111.  • 
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The  bluish  and  greenish  tints  of  the  medium  to  dark  gray  feldspar 
of  Quincy  granite  (p.  92)  are  due  to  finely  disseminated  crystals  of 
bluish  riebeckite,  measuring  from  about  0.001  to  0.1  millimeter  in 
length  by  about  0.001  wide,  and  to  innumerable  still  more  minute 
particles  of  grass-green  epidote. 

This  bluish-greenish  gray  feldspar  of  Quincy  granite  assumes  verj^ 
different  colors  as  the  result  of  various  alterations.  In  places  it 
becomes  cream  colored,  in  others  a  delicate  pea-green  or  pink,  or  dark 
greenish-brownish  gray,  in  others  a  light  olive  gray,  and  in  others  it 
becomes  spotted  with  a  deep  red.  The  mode  of  these  occurrences,  the 
appearance  of  the  changed  feldspars  in  thin  section,  and  the  probable 
causes  of  the  changes  are  as  follows: 

At  the  Galvin  quarry  (PI.  Ill,  5,  and  p.  104)  the  granite  on  either  side 
of  the  quartz  veins,  which  contain  a  little  ilmenite  and  carbonate,  is 
changed  for  4  inches  from  its 
usual  bluish  gray  to  cream 
color.  At  the  Field  &  Wild 
quarry  (p.  104)  these  veins  are 
bordered  by  3-inch  zones  of 
greenish,  pinkish,  or  light  gray- 
ish discoloration.  The  cream 
and  light  gray  seem  to  be  due 
not  so  much  to  the  kaoliniza- 
tion  of  the  feldspars  and  to 
limonite  stain  from  the  ilmen- 
ite of  the  vein  as  to  a  diminu- 
tion of  certain  minute  ])lack 
particles  which  abound  in  the 
unaltered  feldspar.  The  pink- 
ish and  greenish  colors  are  due 
to  hematite  and  epidote.  The 
reduction  of  the  black  parti- 
cles and  any  kaolinization  of  the  feldspars  along  these  veins  must 
be  attributed  to  carbonic-acid  waters,  and  these  must  either  have 
come  from  below  with  the  silica  of  the  vein  or  from  above  by 
infiltration  along  the  vein  courses.^' 

At  the  Cashman  quarr)^  in  West  Quincy  (p.  113)  the  granite  at  both 
the  north  and  the  south  ends,  to  a  depth  of  over  70  feet  from  the  rock 
surface,  has  deUcate  pea-green  feldspars,  but  normal  gray  granite 
occupies  the  center  of  the  quarr}\  Similar  pea-green  feldspar  occurs 
on  the  south  side  of  the  Lepage  quarry  (p.  112)  in  West  Quincy  to  a 
depth  of  30  to  40  feet,  and  at  the  Djerf  &  Win(iuist  quarry  on  the 
North  Conmions  (p.  101)  to  a  depth  of  125  feet  from  the  rock  surface. 
This  pea-green  tint  seems  to  be  due  mainly  to  a  large  addition  of  mi- 


FiG.  3.— Part  of  a  thin  section  of  green  biotlte-horn- 
blende  granite  from  Redstone,  N.  H.,  enlarged  31  i 
diameters,  showing  a  crj^stal  of  ailanite  with  radi- 
ating cracks,  which  are  filled  with  yellowish  limon- 
ite stain,  also  bands  of  such  stain  apart  from  these 
cracks.  The  dotted  areas  are  quartz,  the  rest  feM- 
spar.  Such  crystals  in  part  account  for  the  color  of 
the  rock. 


«  Van  niaa,  C  R.,  Treatise  on  metamorphism:  Mon,  U.  S.  Geol.  Survey,  vol.  47, 1904,  pp.  720-728. 
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nu  te  particles  and  crystals  of  light-green  epidote,  and  secondarily  to  the 
absence  or  removal  of  the  minute  riebeckite  crystals.  There  is  also 
here  and  there  a  secondary  hght  yellowish  brown  hornblende  in  minute 
prismatic  crystals.  The  epidotization  of  the  feldspars  in  a  superficial 
zone  from  30  to  125  feet  thick  is  intelligible,  but  some  structural  fea- 
ture seems  necessary  to  account  for  the  separation  of  two  vertical  belts 
of  hght-green  granite  by  a  normal  gray  one  at  the  Cashman  quarry. 
As  epidote  is  a  hydrous  silicate  of  iron,  alumina,  and  lime,  and  as 
potash  feldspar  is  a  sihcate  of  alumina  and  potash,  the  alteration  of 
the  latter  into  the  former  involves  acciess  of  calcium  and  iron.  Some 
of  this  calcium  may  have  been  suppUed  by  the  soda-lime  feldspar  in- 
tergrown  with  the  other,  or  both  calcium  carbonate  and  iron  may  have 
been  brought  into  the  rock.^ 

As  all  the  orthoclase  of  Quincy  granite  contains  a  Uttle  epidote  the 
process  of  epidotization  must  in  a  measure  have  affected  the  entire 
granite  mass,  at  least  as  far  as  225  feet,  the  greatest  depth  reached. 
But  in  these  light-green  granites  the  process  was  carried  much  farther. 

A  pink  granite  occupies  one-half  of  the  Savo  quarry  (p.  114)  in  West 
Quincy,  to  a  depth  of  30  feet,  and  the  pea-green  granite  the  other  half. 
The  feldspars  of  the  pink  stone  have  been  kaolinized  and  made  pink. 
The  larger  riebeckite  and  segirite  particles  have  passed  into  masses 
(pseudomorphs)  of  quartz,  ndagnetite,  and  carbonate,  with  some 
epidote  and  chlorite.  Magne'tite  crystals  are  conspicuous  in  them. 
The  minute  crystals  of  riebeckite  have  disappeared.  These  changes 
in  the  feldspar  and  the  ferro-soda  silicates  could  be  explained  by  access 
of  carbonated  surface  waters  and  metamorphic  action.  The  color  of 
the  feldspar  must  be  attributed  either  to  the  reduction  of  hmonite  par- 
ticles or  to  the  oxidation  of  magnetite. 

At  the  Sartori  quarry  (p.  120)  the  feldspar  has  become  largely 
kaoHnized  and  micacized,  and  also  somewhat  stained  with  hematite. 
It  has  lost  its  translucence  and  acquired  a  dull  greenish-brown  hue. 
The  black  silicates  have  passed  largely  into  an  aggregate  of  biotite, 
magnetite,  carbonate,  and  quartz  and  there  are  no  minute  riebeckite 
cr^'stals  in  the  feldspars. 

At  the  Rogers  quarry^  in  West  Quincy  (p.  117)  the  feldspars  at  the 
south  end  and  west  side  become  a  Hght  olive  gray  after  exposiu-e.  In 
thin  section  faint  yellowish  limonite  stain  appears  along  the  rift  and 
grain  and  along  cleavage  and  irregular  cracks.  The  yellow  of  the 
stain  combined  witli  tlio  bluish  green  of  the  riebeckite  yields  an 
olive  gray.  In  one  section  bright  limonite  stain  is  seen  to  ramify 
from  the  large  ])articles  of  intergrown  riebeckite  and  segirite. 

At  several  Quincy  quarries  some  of  the  granite  is  spotted  \^'ith 
dee])  cheriT-red  and  muddy-olive  stains  up  to  an  inch  in  diameter. 
These  stains  surround  the  larger  riebeckite  and  a?girite  particles  from 

u  VaQ  llise,  C.  U.,  op.  cit.,  p.  255. 
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which  they  penetrate  the  adjacent  feldspars.  This  discarded  spotted 
granite  is  called  ''orei"  by  the  workmen  (p.  219).  In  thin  section 
many  of  its  feldspars  are  seen  to  be  permeated  by  bright  red  hema- 
tite stain,  which  ramifies  within  them  from  the  cleavage  and  rift 
cracks,  as  shown  in  fig.  4.  This  stain  is  also  accompanied  here  and 
there  by  yellowish  limonite  stain  probably  of  later  date;  and  there 
are  long  slender  particles,  probably  epidote,  up  to  0.33  by  0.0002 
millimeter,  which  are  all  parallel  in  the  same  feldspar  crystal.  Radi- 
ating, needle-hke,  and  fibrous  felty  crystals  of  secondary  yellowish  or 
muddy  green  hornblende  are  attached  to  the  riebeckite  and  segirite 
particles.  Some  of  the  segirite  crystals  are  completely  altered  to 
chlorite,  magnetite,  and  quartz.  The  immediate  cause  of  the  staining 
of  the  feldspar  and  of  the  formation  of  the  fibrous  hornblende  and 
possibly  of  the  epidote  is  thus  the  alteration  of  the  riebeckite-segirite 
particles,  but  the  cause  of  that  alteration  is  not  so  apparent.  Their 
alteration  to  magnetite,  alone, 
implies  metamorphism.  At 
the  Cashman  quarry  some 
"orei"  was  foimd  next  to  a 
steep  heading,  and  at  the 
Hardwick  quarry  the  granite 
within  a  heading  has  a  hema- 
titic  color.  These  occurrences 
suggest  that  the  change  in  the 
black  siUcates  may  have  been 
brought  about  by  access  of 
surface  water  along  joint 
planes,  hydrating  and  oxidiz- 
ing the  iron  of  the  silicates, 
and  that  the  granite  thus 
stained  by  limonite  has  become  reddish  as  the  limonite  under  meta- 
morphism became  reduced  to  hematite.  It  is  also  possible  that,  the 
black  sihcates  having  under  metamorphism  passed  partly  into  mag- 
netite, this  may  by  oxidation  have  yielded  hematite. 

This  reddening  of  the  feldspar  also  characterizes  the  gray  quartz 
monzonite  of  two  of  the  Milford,  N.  II.,  quarries  (pp.  163,  166)  for  a 
thickness  of  10  to  50  feet  from  it s  contact  with  basic  dikes.  The  change 
takes  place  chiefly  in  the  soda-lime  feldspar,  which  is  also  much  kaolin- 
ized.    The  source  of  this  hematite  is  probably  the  magnetite  particles. 


Fig.  4-— Thin  section  of  altered  Quincy  granite  (orel), 
enlai^gcd  62^  diameters,  showing  hematite  stain  in  the 
feldspar.  The  large  particle  from  which  streams  of 
stain  proceed  is  tegirite.  Its  altered  parts  are  shaded* 


CUT   SURFACES. 


Reference  was  made  in  Bulletin  313  (p.  59)  to  the  fact  that  if  one 
of  two  commercial  ''granites''  of  identical  shade  be  a  diorite,  that  is, 
a  granite  with  only  a  soda-lime  feldspar,  and  the  other  a  normal 
biotite  granite,  that  is,  with  verj^  little  of  that  feldspar  and  consider- 
able potash  feldspar,   the  cut  surface  of  the  diorite  will  b<^  ^<e^ 
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much  lighter  than  that  of  the  normal  granite;  and  it  was  pointed  out 
that  this  is  probably  due  to  some  optical  property  of  the  soda-lime 
feldspar.  In  the  preparation  of  the  material  for  this  bulletin  it  has 
been  found  that  the  quartz  monzonites  of  Westerly,  R.  I.,  and 
Milford,  N.  H.,  in  which  the  soda-lime  feldspar  is  in  excess  of  the 
potash  feldspar,  cut  lighter  than  normal  granites  even  of  lighter 
shade.  Dr.  G.  P.  Merrill  suggests  that  the  optical  property  involved 
here  is  the  multiple  twinring  of  the  soda-lime  feldspar  which  must 
greatly  facilitate  its  breaking  up  under  the  hanamer  and  thus  increase 
the  diffusion  of  light.  As  the  dark  purplish  porphyritic  rhyolite 
(^ ^granite'')  of  Montello,  Wis.,  in  which  potash  feldspar  makes  up 
half  the  rock  and  which  has  no  other  feldspar,  hanamers  quite  as  light 
as  the  Westerly  quartz  monzonite,  this  shows  that  the  same  effect 
may  be  produced  in  some  other  way.* 

GRANITIC   QUARTZ,    ITS   TEXTURE    AND   COLORS. 

The  observations  here  brought  together*  show  that  granitic  quartz 
is  far  from  possessing  the  homogeneous  texture  or  color  popularly 
attributed  to  that  mineral.  Not  only  is  the  quartz  apt  to  contain 
cavities  with  and  without  vacuoles,  as  was  shown  on  p.  42,  in  inter- 
secting sheets  related  to  rift  and  grain  cracks,  but  it  also  contains 
minute  opaque  particles,  particularly  abundant  in  smoky  quartz. 
Some  of  it  abounds  in  hair-like  crystals,  probably  of  rutile.  The 
quartz  of  some  granites  shows  by  its  behavior  in  polarized  light  that 
the  arrangement  of  its  molecules  has  been  disturbed  by  mechanical 
strain.  In  two  Massachusetts  granites,  Milford  and  Quincy  Gold- 
leaf  quarry,  this  strain  has  been  carried  far  enough  to  granulate  the 
quartz.  The  granules  generally  measure  under  a  millimeter  in 
diameter.  The  quartz  of  the  granites  described  in  this  bulletin 
varies  from  colorless  to  blue,  amethystine  smoky,  rose  colored,  and 
smoky  of  various  shades.  At  Redstone,  N.  H.  (p.  182),  an  amethys- 
tine smoky  quartz  has  become  greenish  by  the  coating  of  its 
rift  and  grain  cracks  with  limonite.  Colorless  quartz  has  the  fewest 
cavities  or  particles.  The  smokiness  appears  to  be  due  to  minute 
l)lack  particles.  But  the  microscope  fails  to  show  the  cause  of  the 
blue,  rose,  and  amethystine  tints.* 

GRANITE    DISCOLORATION    AND    ITS    CAUSES. 

In  investigating  the  yellow-brownish  discoloration,  '^sap/'  of 
tlie  Maine  quarries,  thin  sections  showed  that  the  limonite  stain  did 
not  proceed  from  the  ferruginous  minerals  and  the  inference  was 

<'  See  BuckJoy,  E.  R.,  On  the  building  and  ornamental  stones  of  Wisconsin:  Bull.  AVisoonsln  GeoLand 
Nat.  llist.  Survey,  No.  4,1898,  p.  94  and  PI.  \, 

t>  Roaenbusch,  II.,  Mikroskopische  rhysiographie  der  Mineralien  und  Gesteine,  4th  ed.,  1905,  xcL  1, 
pi.  '2.  (inmit  Quarz,  pp.  93,  94. 


SCIENTIFIC  DISCUSSION.  57 

therefore  drawn  that  it  was  due  to  the  infiltration  of  ferruginous 
surface  waters  along  the  joint  planes.  (See  pp.  35-36  and  Bulletin 
313,  fig.  2.) 

In  the  granites  described  in  the  present  paper  this  Umonitic  stain 
occurs  in  varying  thickness  up  to  2  feet.  It  is  very  abundant  in  the 
Rockport  quarries,  where  its  brightness  has  led  to  its  architectural 
use.  Thin  sections  of  the  Rockport  ''sap'^  show  the  stain  along  the 
boundaries  of  particles  and  in  all  cleavage  and  rift  cracks  as  well  as  in 
streaks  across  them.  It  is  conspicuous  about  hornblende  and  mag- 
netite particles.  The  stain  has  also  proceeded  from  the  cracks 
inward  into  the  intervening  areas.  The  zonal  arrangement  of  the 
rust  stain  is  also  noticeable.  The  medium  gray  of  the  fresh  granite 
becomes  at  first  greenish  toward  the  surface;  this  is  followed  by  a 
zone  of  deep  yellow  brown;  and  that  in  turn  by  a  much  Ughter 
yellow  brown.  •The  greenish  zone  is  that  of  advancing  limonitization, 
the  next  of  maximum  stain,  and  the  outside  is  that  of  deUmonitiza- 
tion,  or  deoxidation  due  to  organic  acids,  and  made  still  lighter  by  the 
greater  kaolinization  of  the  feldspars  of  the  surface.  In  some  Rock- 
port specimens  this  outer  paler  zone  is  covered  by  an  extremely  thin 
crust  of  bright  yellow  brown,  as  though  a  secondary  infiltration  of 
limonite  had  taken  place  after  the  deoxidation.  Although  in  the 
Rockport  granite  the  ferruginous  minerals  have  furnished  some  of  the 
stain,  it  is  doubtful  whether  they  could  have  supphed  enough  to  color 
so  many  sheet  and  joint  surfaces  so  intensely.  A  thin  section  of 
discolored  Westerly  granite  also  shows  the  rust  stain  arising  from 
biotite  and  magnetite  particles  (p.  202). 

A  specimen  of  Quincy  granite  from  the  Dell  Hitchcock  quarry 
has  a  rim  of  ''sap"  from  1  to  li  inches  wide,  of  which  the  inner  tenth 
to  three-tenths  are  dark  brown  and  the  rest  light  brown.  The  inner 
boundary  is  very  uneven,  the  rusty  part  having  encroached  upon  the 
granite  in  roimdish  protuberances.  Some  of  the  limonite  streaks 
start  from  aegirite  particles.  In  a  piece  from  the  Wigwam  quarry 
the  stain  proceeds  from  magnetite  particles  and  not  from  the  black 
silicates,  but  some  of  the  magnetite  particles  are  within  crystals  of 
riebeckite.  In  a  specimen  from  the  pea-green  granite  of  the  Lepage 
quarry,  out  of  a  rusty  band  IJ  to  2  inches  thick,  an  inner  one-fifth  inch 
is  deep  brown,  but  the  fresh  granite  next  to  it  is  dark  greenish.  The 
rest,  or  outer  part,  ranges  from  a  very  light  brown  to  cream  color  at 
the  surface.  The  stain  proceeds  from  the  black  silicates  and  from 
the  vicinity  of  zircon  crystals,  which  are  often  associated  with  iron  in 
some  form.  An  wgirite  crystal  is  one-half  hematite.  The  central 
parts  of  others  are  altered  to  limonite  before  the  outer. 

The  following  shows  how  large  a  zone  of  discoloration  small  par- 
ticles of  magnetite  may  produce.     In  one  of  the  fine-grained  granites 
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of  Milford,  N.  H.  (p.  170),  there  are  occasional  porphyritic  crystak  of 
black  mica  up  to  1  inch  long,  0.5  inch  wide,  and  very  thin,  around 
which,  after  exposure,  a  circle  of  slight  limonitic  stain  20  inches  in 
diameter  appears  on  the  rift  surface.  The  stain  has  no  appreciable 
thickness.  The  biotite  probably  contains,  as  usual,  small  particles  of 
magnetite. 

The  conclusion  from  all  these  data  is  that  the  superficial  discolora- 
tion of  granite  originates  partly  in  the  limonitization  or  rusting  of 
particles  of  magnetite,  biotite,  or  other  black  silicates  by  access  of 
surface  water,  and  partly  also  by  the  infiltration  of  ferruginous  water 
along  joint  and  sheet  partings.  These  rusty  rims  often  show  three 
zones — an  inner,  in  which  the  color  is  a  mixture  of  that  of  the  original 
granite  and  of  limonite  brown;  a  middle,  in  which  it  is  exclusively 
limonitic,  and  an  outer  paler  one  caused  by  the  deoxidation  of  the 
Umonite  by  organic  acids  and  the  greater  kaolinization  of  the  feld- 
spars. 

As  bearing  on  the  time  involved  in  this  process,  attention  should 
be  called  to  the  very  slight  discoloration  produced  in  the  course  of 
twenty-five  years  along  a  vertical  blast  crack  in  Quincy  granite  at 
the  Dell  Hitchcock  quarry.  Under  the  higher  powers  of  the  micro- 
scope a  slight  stain  can  be  detected  about  the  small  epidote  particles 
in  the  feldspars,  and  here  and  there  along  the  boundaries  of  the  quartz 
and  feldspar. 

OVOIDAL   WEATHERING   WFTHIN   A   HEADING. 

Shaler  called  attention  to  spheroidal  weathering  in  the  granite  of 
Rockport,^  and  gave  a  plate  showing  ^'decomposition  bowlders," 
which  are  the  result  of  the  progress  of  decay  working  inward  from 
both  sheet  and  joint  surfaces.  This  is  not  unusual  in  granite  regions. 
This  decay  is  mainly  due  to  the  chemical  processes  described  under 
'^Decomposition"  (p.  36).  Spheroidal  weathering  in  granite  may, 
however,  be  partly  of  difTerent  origin.  The  wTiter  many  years  ago 
made  some  colored  sketches  of  a  concentric  cylindrical  structure  in 
granite  at  a  railroad  cut  at  Unter  Brambach  in  Saxony,  in  which  the 
surfaces  an  inch  or  two  apart  were  coated  with  limonite  stain.  The 
cylindrical  forms,  although  brought  out  by  weathering,  were  apparently 
due  to  internal  structure.  Of  like  structural  origin  are  also  the  con- 
centric shelly  spheroids  of  granite  about  an  inner  concretion  of  mica, 
a  foot  in  diameter,  described  from  central  Bohemia  by  Jok^ly.** 

PI.  VIII,  A,  represents  an  ovoid  mass  of  extremely  fine  quartz 
monzonite  (45  by  33  \  by  25  inches)  from  the  Redstone  quarr}',  near 
Westerly,  K.  I.  (p.  201).     This  mass  came  from  a  point  30  feet  below 

'iShiiler,  N.  S.,  The  geology  of  Cape  Ann,  Mass.:  Ninth  Ann.  Rept.  U.  S.  Geol.  Sun'ey,  1889,  p.  5fiT, 
ri.  LI. 

^Jokely,  Johann.,  (leognostische  Verhiiltnisse  in  einem  Theile  des  mittleren  B5hinen :  Jahrb.  K.-k. 
^eol.  Keichsanstalt,  vol.  0,  1855,  p.  375  and  figure. 
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the  surface  within  a  heading  40  feet  wide  at  the  north  end  of  the 
quarry,  where  much  decomposition  had  taken  place.  As  there  are 
no  indications  at  any  of  the  Westerly  quarries  of  an  original  spheroidal 
structure,  this  mass  must  be  classed  with  those  of  Cape  Ann,  but  the 
decomposition,  instead  of  working  on  5  sides  of  an  exposed  mass,  has 
operated  on  the  sides  of  a  block  formed  by  intersecting  joints  and 
sheets  considerably  below  the  general  surface,  and  the  egg  shape  is 
due  to  the  unequal  spacing  of  these  partings. 

DIKELIKE   MASSES   OF   SCHIST   IX    GRANITE. 

The  dikes  ordinarily  occurring  in  granite  are  either  granitic,  includ- 
ing pegmatite,  apUte,  and  granite  proper,  or  basic.  If  a  granite  after 
the  intrusion  of  such  dikes  be  itself  subjected  to  metamorphism  so  as 
to  become  schistose — that  is,  a  gneiss — then  these  various  dikes  will 
also  become  more  or  less  schistose.  In  the  granite  of  Milford,  Mass., 
however,  there  are  schistose  basic  dikes  without  an  equally  gneissic 
or  a  parallel  gneissic  structure  in  the  granite. 

At  the  Cutting  quarry  (fig.  7)  the  west  wall  is  formed  by  a  vertical 
dikelike  mass  of  biotite  schist  2  feet  thick  striking  N.  25°  W.  The 
east  wall  is  formed  by  a  heading  of  almost  identical  strike,  N.  20°  W., 
but  dipping  70°  E.  As  shown  in  the  figure,  neither  of  the  flow  direc- 
tions nor  the  trend  of  rift  or  grain  corresponds  to  the  strike  of  the 
schist  dike.  The  only  corresponding  structure  is  that  of  the  heading 
and  the  inclosing  walls  of  the  dike.  At  the  West  quarry,  IJ  miles 
southsouthwest  of  the  last,  there  are  two  dikes  of  similar  schist,  one 
striking  N.  67°  W.  and  dipping  65°  NXE.,  the  other  striking  about 
N.  45°  W.  with  nearly  vertical  dip.  The  nearest  parallel  structure  is 
a  joint  striking  N.  60°  W.  and  dipping  47°  SSW.  At  the  Massachu- 
setts Pink  quarry,  three-fifths  mile  southwest  of  the  Cutting  quarry, 
there  is  another  schist  dike,  2  feet  thick,  striking  N.  3°  W.,  and  dip- 
ping 55°  E.  without  other  corresponding  kinds  of  structure.  The 
general  schistosity  of  all  these  dikes  is  parallel  to  the  joint  faces  which 
inclose  them,  and  no  merging  between  granite  and  schist  was  observed. 
Emerson  and  Perry  (p.  73)  note  the  rudely  parallel  films  of  biotite  in 
the  granite,  which  give  it  a  gneissoid  look,  but  which  seem  to  be  partly 
due  to  flow  structure,  and  they  note  the  undulatory  extinction  of  the 
fractured  quartz  particles  as  showing  a  state  of  strain.  The  granular 
structure  of  the  quartz  areas  is  very  noticeable  on  a  polished  face,  and 
this  very  possibly  resulted  from  the  pressure  which  converted  the 
dikes  into  schist. 

In  thin  section  the  fine-grained  dark  greenish  gray  schist  of  the 
Cutting  quarry  dike  is  seen  to  consist  of  l)i()tito,  quartz,  epidote  in 
roundish  grains  from  the  alteration  of  feldspar  and  a  little  pyrite. 
The  slightly  more  greenish  schist  of  the  dike  at  the  second  (juarry  con- 
sists of  hornblende,  quartz,  biotite,  epidote,  and  zoisite  from  altera- 
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tion  of  feldspar,  a  brownish  cloudy  mineral  (leucoxene?),  and  pyrite 
altered  to  limonite.  Both  are  evidently  altered  dikes  of  mica  diorite — 
that  is,  diorite  schist. 

Emerson  and  Perry  regard  these  dikes  as  a  "basic  differentiate  of 
the  Milford  granite''  (p.  73). 

It  is  evident  from  the  facts  given  that  whatever  may  have  been  the 
relation  of  the  deep  sources  of  the  two  rocks  to  which  Emerson  and 
Perry  refer,  the  dike  material  was  intruded  between  parted  joints  in 
the  granite.  It  is  also  evident  that  the  change  of  the  eruptive  into 
schist  and  the  alignment  of  its  particles  with  reference  to  the  inclosing 
walls  was  brought  about  chiefly  by  compression  which,  although  suffi- 
cient to  metamorphose  the  dikes,  affected  the  granite  but  slightly; 
nor  was  the  vertical  pressure  sufficient  to  plicate  the  dike  or  its  inclos- 
ing walls. 

Thus  a  basic  dike  traversing  a  mass  of  granite  in  a  highly  inclined 
position  may  under  lateral  compression  become  schistose  without  the 
inclosing  granite  acquiring  a  corresponding  schistosity. 

RIEBECKITE   AND   OTHER   MINERALS   ON   JOINT   FACES. 

Many  granite  joint  faces  are  coated  with  secondary  minerals. 
These  minerals  include  hematite,  pyrite,  limonite,  calcite,  epidote, 
chlorite,  stilbite,  quartz,  muscovite,  etc.  (See  Bulletin  313,  p.  51.) 
All  these  may  owe  their  origin  to  alteration  of  the  minerals  of  the 
graniter,  but  where  calcite  occurs  in  considerable  quantity,  it  probably 
came  from  originally  overlying  calcareous  rocks. 

Some  of  the  joint  and  even  sheet  faces  in  the  Quincy  quarries  are 
coated  with  a  blue-black  mineral  with  a  peculiar  sheen  due  to  fibrous 
structure  parallel  to  the  face,  and  with  a  bluish  gray  streak.  Such  black 
faces  can  be  seen  at  the  Dell  Hitchcock,  the  Field  &  Wild,  the  Granite 
Railway,  and  Rogers  quarries  and  at  the  Mount  Pleasant  quarry  in 
Milton  (PI.  II).  On  one  side  of  this  last  quarry  both  sheet  and  joint 
faces  are  thus  coated,  and  at  the  Rogers  quarry  such  black  joint  faces, 
spaced  from  6  inches  to  4  feet,  make  up  a  heading.  These  black 
joints  are  apt,  however,  to  be  intermittent,  extending  only  a  few  yarids 
or  even  inches  at  a  stretch. 

A  thin  section  cut  diagonally  to  one  of  these  joints  and  its  parallel 
sub  joints  shows  six  meandering  or  intersecting  cracks  from  one-eigbth 
to  li  millimeters  apart,  filled  with  crystals  of  riebeckite  (a  dark-blue 
soda  hornblende),  the  smallest  of  which  are  0.02  and  the  largest  0.1 
niilliiiioter  long,  together  with  fibrous  white  mica,  hmonite,  and  very 
little  carbonate.  The  granite  between  these  fissures  is  broken  up 
here  and  there  into  minute  angular  fragments  and  the  feldspar  is 
granulated.  The  cement  of  this  microscopic  breccia  is  also  riebeckite, 
the  cny^stals  of  which  lie  with  their  axes  either  parallel  to  the  fracture 
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or  across  them  or  even  projecting  into  the  feldspar  fragments.  Some 
of  the  feldspars  next  to  the  joint  are  unusually  crowded  with  riebeck- 
ite  crystals,  which  probably  originated  in  the  same  manner  and  at 
the  same  time  as  those  within  the  joints." 

The  secondary  and  relatively  recent  origin  of  this  riebeckite  is 
evident,  and  its  formation  by  segregation  from  the  ferro-soda  silicates 
of  the  granite  seems  also  quite  probable. 

Prof.  James  P.  Smith  has  recently  explained  the  alteration  of  a 
certain  California  arkose  (decomposed  granite  or  diorite)  and  a 
sandstone,  with  varying  proportions  of  impure  clay,  into  schists 
consisting  largely  of  glaucophane  (a  soda  hornblende  closely  related 
to  riebeckite)  as  due  to  a  process  of  recrystallization  under  heat  and 
pressure.* 

In  the  case  of  the  riebeckite-coated  joints  and  sheets  of  the  Quincy 
riebeckite-ffgirite  granite  some  transfer  of  material  into  the  joint 
spaces  mast  also  have  taken  place.  The  presence  of  this  mineral 
on  them  shows  that  the  granite  of  Quincy  was  subjected  to  a  certain 
amount  of  metamorphism  after  the  development  of  its  sheet  and 
joint  structure. 

Some  joint  faces  at  Milford  and  Becket,  in  Massachusetts,  and 
Concord  and  Redstone,  in  New  Hampshire,  present  different  features. 
At  the  East  quarry  of  Milford  (p.  82)  the  parted  joint  which  forms 
the  west  wall  is  filled  with  a  fine-grained  greenish  brownish  and 
cream-colored  mass  wath  transverse  and  longitudinal  slickensided 
cracks.  In  thin  section  tliis  proves  to  be  a  brecciated  granite 
cemented  with  calcite,  chlorite,  fibrous  muscovite,  and  limonite. 
The  amount  of  calcite  in  this  mass  is  so  considerable  that  it  seems 
improbable  that  the  granite  alone  could  have  supplied  it. 

At  the  quarry  of  the  Hudson  &  Chester  Granite  Company  in  Becket 
(p.  141)  some  of  the  joint  faces  of  the  bluish  gray  muscovite-biotite 
granite  are  .dark  greenish  for  one-fourth  inch  from  the  face.  The 
granite  in  this  zone  has  undergone  these  alterations:  Formation  of 
fibrous  mica  with  limonite  stain  along  cracks  transverse  to  the  face 
and  along  feldspar  cleavages;  formation  of  mica  in  the  feldspars 
and  of  calcite  both  in  the  lime-soda  feldspars  and  between  the  par- 
ticles. These  secondary  minerals  added  to  the  original  ones  make 
these  small  rims  quite  complex. 

At  the  "Upper  or  Granite  Railway  cjuarrv''  of  John  Sweixson 
(p.  151)  at  Concord  certain  joints  with  a  X.  05°  W.  course  and  short 
parallel  subjoints  are  coated  with  minute  (juartz  crystals  and  obtuse 

a  This  and  the  oocturence  of  secondary  riebeckite  in  rift  and  grain  cracks,  nient  ioned  on  p.  107,  partly 
eonflim  the  suspidoii  expressed  by  A.  Saner  in  1888  as  to  the  origin  of  this  mineral.  See  Zeitschr. 
Deatiob.  geoL  Oesell..  toI.  40, 1888.  p.  145. 

*  Smith,  Junes  Penin,Paragenesis  of  the  minerals  in  the  glaiicophane-bearing  rocks  of  California: 
Pioe.  Am.  FhiL  Boo.,  yoL  45, 1906,  p.  183.    See  also  summary,  pp.  238, 240,  1907. 
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calcite  rhombs  standing  edgewise  on  the  joint  face,  and  also  here 
and  there  with  the  beginnings  of  2-inch  cubes  of  deep  purple  and 
white  fluorite.  Similar  fluorite  occurs  exceptionally  within  the  granite 
near  the  face. 

At  the  Redstone,  N.  H.,  quarry  (p.  181)  the  light-pink  granite  for 
an  inch  back  of  one  of  the  major  joints  is  a  yellowish  pink  ^ith 
patches  of  grass-green,  while  the  face  itself  is  pale  brick-red,  rust 
color,  bluish,  and  grass-green.  Thin  sections  show  the  feldspars 
much  altered  to  white  micas,  and  crossed  by  veinlets  of  them.  They 
are  also  kaohnized  and  stained  pink  by  hematite  from  the  magnetite 
particles.     There  is  some  carbonate,  limonite,  chlorite,  and  epidote. 

While  nearly  all  the  secondary  minerals  in  these  joint  coatings 
(chlorite,  epidote,  muscovite,  hematite,  limonite,  calcite,  and  quartz) 
may  be  accounted  for  by  processes  of '^ deep-seated  weathering"— 
that  is,  by  the  alteration,  largely  chemical,  of  the  minerals  of  the 
granite  itself — the  fluorite  is  more  likely  to  have  been  brought  from 
the  same  source  as  the  granite  itself  but  at  a  later  time,  and  the  calcite 
of  Milford  from  once  overlying  calcareous  sedimentary  beds. 

GRANITE    CONTACTS    IN    RELATION    TO    SHEET    AND    FLOW    STBUCTURE. 

•Several  interesting  contacts  between  granite  and  its  overlying 
rocks  were  found  and  are  shown  in  fig.  5  and  Pis.  VI,  A,  and  IX,  A. 
These  contacts  throw  light  on  the  origin  of  sheet  structure  and  illus- 
trate the  nature  of  flow  structure  and  of  certain  pegmatite  dikes. 

CONTACT   AT   MILFORD,  N.  H. 

At  the  southwest  corner  of  the  Pease  quarry  at  Milford,  N.  H. 
(p.  163),  about  6  feet  of  mica  diorite  gneiss  overhes  the  fine-grained 
quartz  monzonite,  as  shown  in  fig.  5,  with  a  fohation  striking  N.  75°  W. 
and  a  dip  of  20°  south.  The  granite  has  a  flow  structure  about 
parallel  to  the  contact  surface,  but  sheet  structure  crosses  both 
gneiss  and  granite  and  flow  structure. 

At  the  quarries,  now  idle  (p.  173),  of  the  Milford  Granite  Company 
there  is  a  working  face  on  the  west  about  1,000  feet  long.  At  its 
southern  and  northern  ends  granite  and  gneiss  contacts  are  finely 
exposed.  The  fine-grained  quartz  monzonite  is  overlain  by  about 
15  feet  of  gneiss,  with  a  foliation  striking  X.  75°  W.  and  dipping  75° 
south.  PI.  VI,  A,  shows  the  contact  at  the  north  end  of  the  cut. 
Tlie  sheet  structure  is  lenticular  horizontal,  but  does  not  continue 
into  the  gneiss,  wliich  seems  to  have  an  independent  and  discon- 
tinuous sheet  structure  of  its  own.  The  gneiss  varies  greatly  in 
texture,  composition,  and  color.  In  places  it  is  coarse,  black, 
hiotitic,  and  liornblemlic;  in  otliers  medium  grained;  gra}^  or  white, 
and  jnore  (juartzose  and  feldspathic.  It  appears  to  be  a  quartz-mica 
(lioritc  o*neiss,  but  contains  slToaVs  oi  a^vw^ly  banded,  light-greenish, 
lino-grained  rock,    wliicli  m  lYvm  s^eWow  ^Vonn^  q^^\Vl,  %Q^%r\ixtte 
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feldspar  (oKgoclase-andesine),  augite,  hornblende,  and  biotite,  and 

thus  appears  to  be  a  quartz-augite-diorite  gneiss.     There  are  also 

dikes  of  pegmatite  starting  from  the  surface  of  the  granite  and 
tapering  out  in  the  gneiss. 

CONTACT  AT   NIANTIC,  R.  I. 

At  the  Klondike  quarry  (p.  205)  near  Niantic,  R.  I.,  as  shown  in 
fig.  27,  the  fine-grained  quartz  monzonite  is  overlain  on  the  west  side 
by  50  feet  of  medium-grained  biotite  gneiss  with  porphyritic  lentic- 
ular potash  feldspars  (microcline)  up  to  li  inches  long,  most  of  them 
rimmed  with  white  soda-lime  feldspar  (ohgoclase-andesine).  The 
foliation  of  this  gneiss  is  about  horizontal.  As  shown  in  PI.  IX,  A, 
the  contact  between  the  granite  and  gneiss  dips  somewhat  steeply, 
and  sheet  structure  crosses  both  granite  and  gneiss  at  a  lesser  angle. 
There  are  also  dikes  of  pegmatite  beginning  at  the  contact  and 
tapering  upward  in  the  gneiss.  On  the  east  side  the  same  gneiss 
underlies  the  granite,  the  granite  intrusion  having  apparently  reached 
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FlO.  5. — Section  showing  relations  of  granite  and  gneiss  at  the  I*pas<?  quurr>'  noar  Milford,  N.  II.; 
height,  10  feet.  The  flow  structure  is  parallel  to  the  contact  surface,  and  sheet  structure  traverses 
both  rocks. 

at  least  the  altitude  of  the  present  surface  between  two  masses  of  the 
older  gneiss;  in  other  words,  the  original  contact  surface  between 
the  granite  and  the  gneiss  into  which  it  was  intruded  was  very  irregu- 
lar, having  large  denticulations. 

CONTACT  AT  BECKET,  MASS. 

At  the  Becket,  Mass.,  quarry  (p.  141)  a  fine-grained,  bluish-gray, 
muscovite-biotite  granite  partially  incloses  or  is  overlain  by  a  mass 
up  to  40  feet  thick  of  very  fine-grained,  heavy,  black,  micaceous 
rock  (quartz-mica  diorite  schist)  described  more  fully  on  page  143. 
It  has  small  white  quartz  and  plagioclase  veins  of  tortuous  courses. 
There  are  also  several  small  dikes  of  pegmatite  or  quartz  starting 
from  the  contact  and  tapering  out  upward.  iVlong  the  contact  the 
granite  shows  undulating  bands  generally  parallel  to  the  contact 
surface.  These  consist  of  white  bands  oi  (\v\aT\.7i  aw^  lAOi^^*^^,  >\>^ 
to  one-iourth  inch  wide,  recurring  at  intervals  ol  \  *\wc\\,  Wve^  \vA>^"kn'«^^ 
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being  darker  and  of  biotite,  muscovite,  epidote,  and  titanite.  The 
courses  of  some  of  these  bands  are  sharply  undulate.  These  bands 
constitute  a  flow  structure  which  generally  conforms  to  the  under 
surface  of  the  diorite  schist. 

CONCLUSIONS. 

In  order  to  make  these  contact  phenomena  intelligible  to  the  gen- 
eral reader,  it  should  be  stated  that  the  gneisses  capping  the  granite 
are  rocks  of  similar  origin  to  the  granite  itself,  but  they  have  been 
subjected  to  an  amount  of  pressure  and  heat  suflBcient  to  recrystallize 
their  minerals  and  arrange  them  in  parallel  order,  thus  giving  the 
rock  a  foliation  or  schistosity;  also,  the  present  thickness  of  the 
overiying  gneisses  probably  represents  but  an  insignificant  part  of 
the  great  masses  which  originally  capped  the  granite.     From  the 
fact  that  the  granite  has  not  been  changed  in  like  manner,  it  follows 
that  these  changes  must  have  taken  place  before  the  intrusion  of  the 
granite.     The  pegmatite  dikes  are  granitic  matter  which  in  a  molten 
condition  or  in  heated  solutions  appears  to  have  forced  its  way  from 
the  molten  granite  through  fissures  caused  by  the  intrusion  itself 
into  the  overlying  gneiss. 

The  geological  principles  illustrated  by  these  various  contacts  are: 
(1)  Sheet  structure  in  granite  can  not  be  the  result  of  any  property 
inherent  in  the  granite  alone,  for  it  passes  uninterruptedly  from  the 
granite  into  the  overlying  gneiss,  and  it  is  also  quite  independent  of 
flow  structure;  (2)  the  course  of  flow  structure  in  granite  is  governed 
in  places  by  the  form  of  the  under  surface  of  the  masses  into  which 
tlie  granite  was  intruded.  Thus  also  at  the  Daniels  quarry,  in  Mil- 
ford,  N.  H.  (p.  168),  it  accommodates  itself  to  the  form  of  a  large 
inclusion,  forming  bands  around  it;  (3)  pegmatite  dikes  are  apt  to 
originate  at  the  surface  of  the  granite  and  to  penetrate  the  ipck  into 
which  it  was  intruded. 

These  pegmatite  dikes  were  not  studied  in  suflScient  detail  to  obtain 
conclusive  evidence  that  the  pegmatization  of  the  gneiss  could  not 
have  taken  place  in  an  earUer  crustal  movement  than  that  of  the 
granitic  intrusion. 

ACIDIC    SEGREGATIONS. 

Segregations  in  granite  consist  generally  of  the  darker,  more 
ferruginous  minerals,  but  in  some  instances  they  are  lighter  in  shade 
than  the  surrounding  granite  and  consist  largely  of  feldspar  and 
(juartz,  as  are  several  at  the  Quincy  quarries,  described  on  page  95. 
Here  also  belongs  the  very  coarse-grained  large  segregation  found  in 
tlie  Rockport  granite  at  Hahbut  Point,  which  is  fully  described  on 
page  125.  Although  it  measures  8  by  4  by  2i  feet,  all  but  a  core, 
6  l)v  2  inches,  which  is  bronzite,  consists  of  potash  feldspar  and 
quartz. 


PART  II.— ECONOMIC  DISCUSSION. 

GENERAL.  FEATURES. 

The  practical  side  of  the  granite  industry  will  now  be  considered. 
A.  list  of  the  more  important  works  on  granite  quarries  and  quarrying 
and  other  matters  of  economic  character  A^ill  be  found  at  the  end, 
bogether  with  a  glossary  of  both  scientific  and'quarry  terms. 

TESTS  OF  GRANITE. 

The  testing  of  granite  is  a  subject  of  considerable  importance,  as 
may  be  seen  by  its  literature.^  As  pointed  out  by  Merrill,  there  is 
langer  of  attaching  undue  importance  to  tests  of  compressive  strengtli 
sdone,  the  results  of  which  in  nearly  all  cases  far  exceed  tlie  generous 
margin  allowed  by  architects  beyond  that  rcKiuired  by  the  weightiest 
jtructures.  On  the  other  hand,  there  is  danger  of  losing  sight  of  sev- 
3ral  other  important  cjuaUties  which  ought  to  be  carefully  tested  and 
upon  which  the  eccmomic  value  of  granite  in  part  depends.  The 
following  tests  include  all  the  kinds  made  at  PJuropean  testing  insti- 
tutions or  recommended  by  American  authorities,  as  well  as  some 
su^ested  by  the  investigation  of  Maine  granites. 

Chemical  analysis. — Chemical  analysis  is  made  in  order  to  deter- 
Doine  the  amount  of  iron  and  lime,  or  to  detect  anything  abnormal  in 
the  composition. 

Determination  of  Ca CO 3.-  -Testis  are  made  to  determine  the  pres- 
ence of  Ume  not  combined  witli  silicates  in  order  to  ascertain  the 
percentage  of  CaCOg  (lime  carbonate)  present.  This  is  done  by 
powdering  and  treatment  with  warm  dilute  acetic  acid. 

Test  for  discoloration. — The  method  appHed  by  Daly  (Bull.  l-.  wS. 
Beol.  Survey  No.  209,  p.  52)  seems  to  be  well  adapted  for  this  purpose*. 
Al  piece  of  fresh  rock  is  immersed  in  a  stream  of  carbon-dioxide 
^jBLS  for  20  minutes  and  then  kept  in  an  atmosphere  of  that  gas  for 
24  hours.  Another  piece  of  fresh  rock  is  placed  in  an  atmosphere 
rf  purified  oxygen  overnight  and  then  exj)osed  for  30  minutes  to 
ft  temperature  of  150^  C.  (302°  F.).  Any  discoloration  due  to  the 
carbonization  or  oxidation  of  the  minutest  particles  of  any  mineral 
KTould  be  sure  to  show  itself  under  these  tests. 

Mineral  composition. — This  is  determined  by  the  microscopic  exam- 
nation  of  a  considerable  number  of  typical  thin  sections.  All  the 
nineral  constituents  are  noted,  and  the  average  size  of  the  mineral 

«  See  Bibliography,  p.  215, 
5019a— Boll.  354-08 5  65 
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particles  in  the  case  of  the  fine-textured  granites  is  estimated.     Any 
pecuharities  of  texture,  rift,  etc.,  can  also  be  noted. 

Proportions  of  minerals. — A  method  has  been  devised  by  Rosiwal, 
of  the  Austrian  Geological  Survey,*  by  which  the  approximate  pro- 
portions of  the  chief  minerals  (feldspar,  quartz,  mica,  hornblende) 
and  their  average  size  can  be  determined.     This  consists  in  tracing 
a  network  of  lines  intersecting  one.  another  at  right  angles  upon  a 
polished  granite  surface,  at  intervals  so  far  distant  that  no  two 
parallel  lines  will  traverse   the  same  mineral  particle.     The  total 
length  of  the  lines  is  measured,  then  the  diameters  of  all  the  particles 
of  each  kind  of  mineral  are  added  separately  and  their  proportion 
to  the  tot^l  length  of  the  lines  obtained.     The  average  size  of  the 
particles  of   each   mineral  can   be  also   calculated   from   the  same 
measiu'ements.     Although  this  method  was  primarily  designed  for 
apphcation  to  the  coarse  and  medium  granites,  it  can  be  extended 
also  to  the  finer  ones  by  drawing  the  luies  upon  camera-lucida  draw- 
ings made  from  thin  sections  of  such  granites  under  polarized  light. 
As  the  quartz  is  the  source  of  the  vitreousness  of  the  rock  the  deter- 
miuation  of  its  amount  is  important.     The  incompleteness  of  the  col- 
lection of  polished  specimens  of  Maine  granites  and  the  short  limit 
of  time  available  prevented  the  apphcation  of  this  method  in  the  prep- 
aration of  the  report  on  Maine  granites,  but  the  method  was  experi- 
mentally applied  to  the  coarse  reddish  granite  from  Hardwood  Island, 
near  Jonesport,^  and  has  been  much  used  in  this  bulletin. 

Polish. — Besides  the  manifest  object  of  this  test  it  also  facilitates 
exact  descriptions  of  color  and  comparisons  between  different  granites. 
The  size  of  the  mica  plates  determines  the  brilliancy  and  durability 
of  the  poUsh  more  than  does  their  number — that  is,  a  considerable 
number  of  very  minute  mica  plates  is  not  objectionable. 

Hardness. — As  pointed  out  by  Hawes,*'  the  hardness  of  certain 
granites  is  not  due  entirely  to  the  c^uartz,  which  is  always  equally 
hard  and  brittle  and  which  the  tools  do  not  cut  but  crush,  but  to  the 
feldspar,  wliich  is  of  variable  hardness  and,  it  might  be  added,  has 
different  cleavages,  and  the  proportion  of  which  in  relation  to  quartz 
also  varies.  Rosiwal/  adopting  a  principle  established  by  Toula, 
takes  a  piece  of  smooth  unpolished  granite  of  about  2  grams  weight 
and  rubs  it  with  emery  (of  0.2  mm.  diameter  of  particle)  upon  a 
cjlass  or  metal   ])late   for  ()  or  S   minutes  until   the  emer}'  loses  il> 

'J  See  Rosiwal,  August.  Teber  geometrisohe  (lesteinsanalysen;  ein  einfacher  Weg  zur  zifTerraassigHT: 
Feststellnng  des  QiiantitalsverhJiltiiisses  der  Mineral! (est aiidthcile  gemengter  Gestoine:  Verhan<ll 
•lor  K.-k.  gool.  Keichsanstalt,  vol.  32.  pp.  H.'MTo. 

'>Tho  result  of  this  tost  is  given  on  page  17.3  of  Survey  Bulletin  313. 

c  llawes.  (1.  \V.  (edited  l>y  Merrill),  (Jranite;  Building  stones  of  the  I'uited  States  and  statistic*  «•{ 
the  (}uarry  industry:    Tenth  Census,  vol.  10.  ls*vS.  pp.  liV-lS. 

'/  N'eue  rntersufhungsergebnisse  iiber  die  lliirte  von  Mineralien  und  Gesteinen:  Verhandl.  K.-V. 
geol.  Keichsanstalt,  im\,  p.  4SH. 
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effectiveness.  The  granite  is  then  weighed  again  and  its  loss  of 
volume  calculated.  He  found,  assigning  to  emery  an  arbitrary  value 
of  1,000  as  representing  its  average  liardness,  that  granite  from  9 
localities  showed  the  following  degrees  of  hardness:  31.7,  38.1,  41.7, 
44.8,  48.4,  50.7,  52.9,  56.6,  and  67.1.  The  extremes  of  these  figures 
show  that  some  granites  have  a  general  hardness  more  than  twice  as 
great  as  others. 

J.  F.  Williams^  proposed  to  detennine  the  rehitive  hardness  of 
granites  by  noting  the  rate  of  penetration  of  a  diill  of  a  given  diameter, 
or  by  measuring  tlie  distance  to  which  such  a  drill  will  penetrate 
without  being  sharpened,  or  the  amount  of  surface  of  rough-pointed 
granite  which  can  be  reduced  to  a  bush-hammered  surface  per  hour. 
Since  the  introduction  of  pneumatic  drills  and  surfacei-s  these  methods 
can  be  easily  applied. 

Compressive  streiigtli, — The  methods  of  testing  the  stren;^th  of 
building  stones  have  grown  in  precision.  The  fii-st  requisite  is  that 
the  cubes  to  be  tested  should  be  sawed  by  diamond  saws  and  not  ham- 
mered out.  The  next  is  that  the  direction  of  both  rift  and  grain 
should  Ik*  indicated  thereon,  and  that  three  cubes  should  be  te.sted,  one 
with  pressure  applied  parallel  to  the  direction  of  the  rift,  one  apj)lied 
parallel  to  that  of  the  grain,  and  the  third  at  right  angles  to  rift 
and  grain.  Where  the  rift  and  grain  are  j)ronounce(l  the  three 
results  will  differ.  As  in  the  reports  of  tests  nuide  witli  the  testing 
machine  at  the  Watertown  Arsenal,  Mass.,  the  number  of  j)()unds 
pressure  at  which  the  fii'st  crack  is  produced  should  always  be  given, 
as  well  as  that  at  which  the  cube  is  crushed.  It  is  assumed  that 
these  tests  are  made  in  a  dry  atmosj)liere. 

Transverse  stren^hj  shearing  sfrengfhy  and  compressive  elasticity, — 
It  has  been  found  useful  for  certain  architectural  puq^oses  to  test 
these  qualities  in  granite.  ^ 

Porosity, — Buckley^  point^s  out  that  the  danger  from  frost  dej)ends 
not  upon  the  amount  of  absorpticm  but  uj)on  the  size  of  the  j)ore 
space.  '  Rocks  with  large  pore  spaces  stand  frost  better  than  those 
with  small  ones,  because  they  do  not  retain  the  water  that  they  al)sorb. 
Tests  of  porosity  are  therefore  important.  Buckley  used  the  dry  and 
saturated  weights  obtained  for  the  samples  used  in  computhig  the 
specific  gravity. 

The  difference  in  these  weights  was  iniilliplicd  by  the  sixH-ilic  jrravily  of  the  rock. 
This  amount  was  added  to  the  dry  woi^dii.  ^Hviiii;  the  sum.  The  diffcrcnro  of  the 
dry  and  saturated  weights  multiplied  by  thf  specific  ^Tuvity  <»f  the  rock  was  then 
divided  by  the  sum.  This  la.*<t  result  is  the  actual  percentage  of  pon;  space  compared 
with  the  volume  of  the  sample  tested. 

«  Igneous  rocks  of  Arkansas:  Ann.  Kopt.  (\oo\.  Survey  Arkjnis.is.  vol.  1.  WM^,  p.  41. 

*  Sop  Buckley,  Building  and  ornunioiit.jl  'tones  of  Wiscoii;  in.  pp.  ;<*m.  was.  AI.o  Itfpt.  i>f  t«"sts  of 
metal,  etc.,  Watertown  Arsfnul  (ls«):>>.  Isim..  pf).  :in»  ;i22,  \^^.\-XA,  107-411.  Sonu'  of  thr  D»sults  ;i'  t'.> 
elAsticity  an*  given  on  page  ir»  of  this  report . 

c  Buckley,  op.  cit.,  pp.  «8,  69,  372-37(),  4()().  4i:{. 
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Freezing  and  thawing. — Buckley ^s  method"  consists  in  drying 
1-inch  and  2-inch  cubes  at  a  temperature  of  110°  C.  and  weighing 
them.  After  being  saturated  in  distilled  water  they  were  exposed 
overnight  to  a  temperature  below  freezing.  They  were  then  thawed 
out  and  soaked  in  warm  distilled  water.  This  process  was  continued 
for  thirty-five  days,  when  they  were  again  dried  at  110°  C.  and 
weighed.  Finally  the  same  stones  were  subjected  to  the  tests  for  com- 
pressive strength  and  the  results  compared  with  those  for  stones  not 
thus  treated. 

Absorption  and  compression. — ^The  complete  saturation  of  a  stone 
and  the  determination  of  the  amount  of  absorption  are  effected  by  a 
method  described  at  length  by  Buckley.''  The  saturated  stone  should 
then  be  tested  for  compressive  strength  and  the  result  compared  with 
that  obtained  from  dry  stone. 

Behavior  under  fire. — This  test  is  best  applied  to  saturated  speci- 
mens, which  are  then  exposed  in  a  laboratory  furnace  to  a  tempera- 
ture up  to  1,500°  F.  and  the  effect  noted.  Some  of  them  can  be 
allowed  to  cool  gradually,  but  others  should  be  inunersed  quickly  in 
cold  water;  or  they  may  be  exposed  to  high  temperature  while  under 
compression  and  then  cooled  slowly  or  quickly.*^ 

Specific  gravity. — The  specific  gravity  is  the  weight  of  the  stone 
at  16°  C.  compared  \vdtli  that  of  the  same  volume  of  distilled  water 
at  4°  C.  All  air  should  first  be  removed  from  the  piece  to  be  tested 
by  boiling  in  distilled  water.  The  specific  gravity  is  also  required 
for  the  test  of  porosity. 

Weight  per  cubic  foot. — The  weight  of  the  dry  stone  per  cubic 
foot  is  obtained  by  multiplying  its  specific  gravity  by  the  weight  of 
a  cubic  foot  of  water,  but  from  this  there  should  be  deducted  "the 
weight  of  a  quantity  of  stone  of  the  same  specific  gravity  equal  in 
volume  to  the  percentage  of  the  pore  space  in  the  stone."**  This 
gives  the  actual  weight  of  the  stone  free  from  interstitial  water. 

Coefijicient  of  expansion. — Finally,  it  may  be  desirable  to  obtain 
the  coefficient  of  expansion  of  a  granite  intended  for  some  particular 
construction.  The  expansion  of  certain  granites  was  determined  at 
the  Watertown  Arsenal  by  hot  and  cold  water  baths.  The  stones 
thus  tested  were  afterwards  subjected  to  the  test  of  transverse 
strength,  w^hen  it  was  found  that  they  had  lost  16.93  per  cent  of  their 
original  strength.^ 

A  list  of  the  various  tests  applied  to  building  stones  by  German 
testing  institutions,  is  given  ])V  Ilerrniann.^ 

rt  Buckley,  op.  cit.,  p.  71. 

^  Buckley,  op.  cit..  pp.  «i4  «i7. 

c  Buckley,  op.  cit.,  pp.  73,  411. 

d  Buckley,  op.  cit.,  j).  70. 

eRept  of  tests  of  metal,  etc  ,  p.  320. 

/Steinbruchindustrie  unci  Steinliruchgoologie,  pp.  10.  et  seq. 
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ADAPTABILITY  TO  DIFFERENT  USES. 

The  successful  use  of  granite  depends  upon  a  careful  consideration 
of  its  various  adaptabilities.  The  granites  proper  include  stones 
which  vary  greatly  in  texture,  color,  and  shade.  The  coarse- tex- 
tured ones  are  best  adapted  to  massive  structures,  while  the  fine- 
textured  ones  are  better  adapted  to  lighter  structures,  monuments, 
and  statues.  The  reason  for  this  is  that  in  coarse-textured  granites 
the  large  feldspars  crossing  the  various  sculptural  designs  at  all 
angles  produce  lines  and  reflections  that  interfere  with  the  lights 
and  shades  produced  by  the  sculptor's  design,  and  thus  mar  their 
eflfect.  The  fine  granites  are  well  adapted  to  light  structures  and  to 
fine  sculpture,  as  is  shown  in  the  delicately  carved  granite  flowers 
represented  in  PL  IX,  B,  Some  coarse  granites,  however,  lend 
themselves  well  to  coarse  carvings,  especially  when  these  are  to  be 
placed  in  the  higher  parts  of  buildings.  Then  there  is  tlie  matter 
of  color  and  shade.  There  is  large  room  for  the  exercise  of  artistic 
taste  in  deciding  wliich  colors  and  shade  will  l)est  liarmonize  or 
contrast  with  one  another  in  a  granite  structure  or  witli  the  colors 
of  other  stones  or  materials  in  a  composite  structure.  The  rust- 
colored  "sap''  of  Rockport  has  been  used  successfully  for  trimming 
in  connection  with  the  fresli  gray  granite  of  that  place,  on  account 
of  the  resulting  contrast  (p.  125).  There  is  also  room  for  clioice 
between  different  granites  in  ornamental  work,  l)ecause  of  the  dif- 
ferent amount  of  contrast  between  the  polished,  hamm(»red,  and 
rough  surfaces  of  stones  of  different  color  and  texture,  although 
the  polished  surface  is  always  darkest  and  the  hammered  lightest. 
The  black  granites  and  the  quartz  monzonites  are  obviously  best 
adapted  for  inscriptions  where  legibility  at  a  distance  is  the  prime 
object,  and  also  for  all  ornamental  work  in  wliich  more  marked 
contrasts  are  desired  than  the  ordinary  granite  can  furnish.  The 
black  granites  are  sometimes  combined  with  ordinary  granite  of 
light  shade  in  monumental  work,  the  die  being  of  black  granite. 
Some  granites  are  noted  cliiefly  for  their  high  polish  and  its  dura- 
bility, and  are  therefore  in  demand  for  colunms  and  wainscoting. 

ECONOMIC  FACTORS  IN  GRANITE  QUARRYING. 

The  factors  upon  which  the  successful  operati(m  of  a  granite 
quarry  depends  are  various.  The  first  are  petrographical  and  geo- 
logical. These  include  (1)  the  mineral  composition  and  texture  of 
the  rock  and  its  physical  properties:  (2)  its  stnictunil  features — that 
is,  the  directions  of  the  flow  structure,  rift,  and  grain,  compressive 
strain,  and  contact  surface  \\ith  overlying  or  adjacent  rocks  of  other 
kinds;  (3)  the  character  of  the  sheet  structure,  of  the  jointing,  and 
of  headings,  dikes,  and  veins;  (4)  the  size  and  number  of  inclusions 
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and  ^^knots/^  and  (5)  the  thickness  of  the  rusty  rims  of  sheet  and 
joint  surfaces.     The  economic  importance  of  minute  structural  fea- 
tures, such  as  the  great  variation  in  its  fissility,  is  exemplified  in 
the  range  of  the  number  of  paving  blocks  which  equally  skilled 
workmen  can  make  of  different  granites  in  one  day.     Thus  at  Quincy 
a  paver  averages  75  blocks  a  day  (size,  12  by  8  by  4  inches).     In 
Maine  the  number  is  from  80  to  100  of  New  York  size  (11  to  14  by 
7  by  4  inches).     At  Milford,  N.  H.,  the  average  number  of  Phila- 
delphia size  is  200,  and  at  Redstone,  N.  H.,  130  of  New  York  size, 
which  is  from  33  to  50  per  cent  more  than  is  usual  in  Maine.    At 
Becket  (Chester),  Mass.,  the  average  is  150,  size  not  stated.     An- 
other geological   factor  is   the   ^^ stripping '^    or   amount   of  surface 
material,  sand,  etc.,  to  be  removed  from  the  granite  surface. 

Other  factors,  such  as  facilities  for  drainage  and  water  supply,  the 
location  of  the  quarry  with  reference  to  transportation  facilities  by 
land  and  water,  and  the  disposal  of  waste,  are  hydrographical  and 
geographical. 

Then  there  is  the  artificial  factor:  The  equipment  of  machinery  for 
pumping,  drilling,  hoisting,  loading,  and  transfer  to  car  or  ship,  hi 
the  larger  quarries  this  includes  air  compressors  and  air  drills  and  in 
places  stone  crushers  for  the  utilization  of  waste. 

But  when  all  these  factors  are  satisfactory,  success  will  still  largely 
depend  upon  the  experience  and  judgment  of  the  foreman  or  super- 
intendent who  directs  the  blasting  and  splitting.  Without  his  intel- 
ligent control,  suitable  stone,  favorable  natural  conditions,  adequate 
capital,  equipment,  and  labor  are  of  little  avail.  The  selection  of 
the  place  for  blasting,  the  size  and  shape  of  the  hole,  the  selection 
of  the  powder,  and  the  size  of  the  charge  are  all  matters  requiring 
careful  consideration.  The  thickness  of  the  sheet,  the  proximity  of 
joints,  the  vitreousness  of  the  stone,  its  rift  and  grain  structure,  the 
physical  laws  governing  the  action  of  explosives,  and  the  direction 
in  which  the  (luarryman  desires  to  split  the  mass  are  all  factors  in 
each  problem. 

The  principles  of  rock  blasting  are  set  forth  mathematically  in  a 
recent  book  by  Daw,"  and  a  general  description  of  quarry  methods 
will  be  found  in  a  re])()rt  by  Walter  B.  Smith.  ^ 

Tiie  ])ractice  of  foremen  in  the  thirty  principal  granite  (luarries  of 
Maine,  as  ex])]aine(l  by  them  to  the  writer,  is  described  in  Bulletin 
31  :^,  pa.o:(vs  09-71 . 

Ill  visiting:;  tiu*  (jiiarries  described  in  tliis  bulletin  a  few  notes  on 
the    use    of    ex])losives    were    made,    wiiich    are    here    summarized. 

'I  l);i\v,  \.  W.  ;iii'l  Z.  W..  I'lic  hhistiii^'  of  nn-ks  in  iniiics,  (luarrirs,  and  liiiinels,  etc.,  pt.  1.  lx>n<ion. 
|s'.t>.. 

'■  Methods  of  (jiiarr\  iiij;.  cutting'.  mikI  polishing,'  ^'ranitc:  MiiuTal  Industries;  Eleventh  Census,  Ij^. 
|)1..  r.r_'-<, is;  also  Sixlc'iith  Ann.  Krjd.  V.  S.  Ccol.  Survey,  ])t.  4  ClW>4-5),pp.  446-45G. 
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Although  the  general  practice  in  the  Massachusetts,  New  Hamp- 
shire, and  Rhode  Island  quarries  is  essentially  the  same  as  in  the 
Maine  quarries,  yet  in  some  localities,  owing  to  diflFerent  conditions 
of  rift,  grain,  and  strain,  other  modes  prevail,  as  in  the  following 
quarries: 

Bechet  (Chester)  quarry, — Blasting  along  a  vertical  grain,  which  is 
pronounced,  vdi\\  a  free  face  and  one  free  side  is  found  to  work 
successfully. 

MUford,  Ma^s.j  quarries. — Blasting  along  a  feeble  grain  or  the 
hard  way,  but  preferably  along  the  former,  with  one  free  face  and  a 
free  side. 

Quincy  quarries, — Blasting  along  the  grain  parallel  to  the  free  face 
and  with  a  channel  on  one  side  parallel  to  the  rift. 

Rockport. — (1)  Blasting  along  the  rift  parallel  to  a  free  face  and 
with  one  free  side.  But  the  lewis  holes  extend  at  least  three-fourtlis 
of  the  distance  from  the  free  side  to  prevent  the  crack  slanting  to 
the  faces.  (2)  Blasting  along  the  hard  way  parallel  to  the  free  face 
and  with  one  free  side.  The  crack  slants  away  from  the  face,  if  at 
all.  In  one  place  15  contiguous  knox  holes  35  feet  deep,  along  the 
rift,  which  dipped  75°  to  80°,  were  blasted  with  a  free  face  and  one 
free  side.  By  this  means  a  block  125  l)y  60  by  40  feet  deep  was 
loosened. 

Concord. — Blasting  along  a  north-south  hard  way  ])arallel  to  a  free 
face  30  feet  long,  with  both  ends  tight;  then  channeling  along  the 
east-west  grain  on  one  side,  and  blasting  with  knox  holes  on  the 
other.  The  hard  way  blast  proves  effective,  it  is  thought,  because  of 
a  compressive  northwest-southeast  strain.  In  other  places  blasting 
along  the  grain  with  two  free  sides,  or,  if  that  is  not  practicable,  with 
one  only. 

Redstone,  N.  H. — Blasting  along  the  grain,  which  is  marked,  with 
one  free  face  and  one  free  side. 

ifilfordy  N.  H. — Where  rift  and  grain  are  feeble,  blasting  in  any 
direction  with  a  free  face  and  one  or  no  free  side. 

Westerly. — Blasting  along  a  north-south  hard  way  parallel  to  a 
free  face  and  with  (me  free  end,  thus  utilizing  a  strain  which  oper- 
ates east-west  in  the  direction  of  the  grain.  Very  little  powder  is 
used  in  the  fine-grained  Westerly  granites,  owing  to  their  delicacy. 

A  difference  is  found  in  blasting  and  splitting  granite  in  winter  and 
summer.  A  low  temperature  increases  its  cohesiveness,  but ,  probably 
in  connection  with  water,  increases  its  fissility  where  the  "rift"  is 
feeble. 

It  is  reported  that  in  quarries  in  Finland  the  expansive  power  of 
freezing  water  is  regularly  used  in  splitting.  This  is  in  line  with  the 
ancient  Egyptian  use  of  the  (expansion  ot  wet  woody  tissue.      A 
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method  of  blasting  in  use  in  some  of  the  English  coal  mines  by  means 
of  the  expansion  of  slaked  lime  may  be  susceptible  of  adaptation  to 
the  quarrying  of  the  more  deUcate  granites." 

In  this  connection  should  be  mentioned  the  method,  recently 
adopted  in  the  granite  quarries  of  North  Carolina,  of  developing  an 
incipient  sheet  structure  by  the  use  of  high  explosives  followed  by 
the  application  of  compressed  air.     (See  footnote  6,  p.  28.) 

METHOD  OF  DESCRIBING  THE  QUARRIES. 

The  quarries  of  the  granite  centers  visited  in  Massachusetts,  New 
Hampshire,  and  Rhode  Island  will  now  be  described.  Those  of  each 
center  will  be  prefaced  with  a  brief  reference  to  the  general  geology 
of  the  region  and  also  with  an  outline  of  its  typical  granites.  The 
particulars  as  to  each  quarry  will  be  taken  up  in  the  following  order: 

1.  Name  and  location  of  quarry;  name  and  office  address  of 
operator.  , 

2.  The  granite — its  trade  and  technical  names,  color,  texture,  and 
minerals;  its  mineral  percentages  estimated  by  the  Rosiwal  method 
as  explained  on  page  66;  its  chemical  composition  and  physical  qual- 
ities as  shown  by  any  available  analyses  or  tests.  The  words 
"coarse,'*  ** medium,''  and  '^ fine,"  as  applied  to  texture,  are  to  be 
understood  as  in  Bulletin  313,  and  as  defined  on  page  14  of  this 
bulletin:  Coarse,  having  feldspars  generally  over  two-fifths  inch  or  1 
centimeter;  medium,  having  feldspars  under  that  and  over  one-fifth 
inch  or  one-half  centimeter;  and  fine,  having  feldspars  under  one- 
fifth  inch. 

3.  The  quarry,  with  date  of  its  opening  and  size.  • 

4.  The  rock  structure,  comprising  sheets,  joints,  headings — their 
strike,  dip,  and  thickness — rift  and  grain,  flow  structure,  dikes,  veins, 
''knots,"  discoloration,  and  weathering.  Where  the  structure  is  com- 
plex a  diagram  is  given. 

5.  The  plant,  with  the  number  of  machines  and  air  tools  to  show 
its  capacity. 

6.  Transportation,  including  distance  to  dock  or  railroad  and 
method  of  transport. 

7.  The  product,  its  uses,  with  name^  and  location  of  a  few  specimen 
buildings  or  monuments. 

a  Soo  Moslcy,  I'agot,  On  a  lu^w  method  of  mining  coal:   Jour.  Iron  and  Steol  Institute,  Ix>Dd(m. 
1882,  pp.  53-<a. 
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Tocography. — :Milford  lies  in  the  eastern  half  of  Massachusetts,  in 
Worcester  County,  16  J  niiles  southeast  of  Worcester.  (See  map, 
PI.  I.)  It  is  a  region  of  low  hillocks  with  northerly,  northeasterly, 
and  northwesterly  trends.  The  quarries,  as  shown  in  fig.  6,  lie  between 
N.  lO""  W.  and  N.  45°  E.  of  Milford.  Two  are  in  Hopkinton,  in  Mid- 
dlesex County,  and  twelve  in  the  town  of  Milford.  All  are  between 
the  300  and  500  foot  levels. 

General  geology, — ^The  granite  of  Milford  has,  under  the  name 
"Milford  granite,"  been  classified  by  Emerson  and  Perry  as  post- 
Cambrian." 

They  represent  an  area  of  it  extending  from  Woonsocket,  R.  I., 
south  to  beyond  the  southern  boundary  of  Providence  County,  a  dis- 
tance of  about  21  mile^.  They  have  traced  a  diorite,  in  places  a 
diorite  schist,  entirely  around  the  granite  of  Milford,  and  regard  it  as 
a  "basic  differentiate  of  Milford  granite."^  By  this  term  is  intended 
a  basic  eruptive  originatiug  in  the  same  source  as  the  granite,  but 
either  succeeding  or  preceding  the  intrusion  of  the  latter.  If  this 
diorite  preceded  the  granite  it  has  no  relation  to  the  diorite  dikes  wliich 
traverse  it.  The  fine-grained  white  quartzite  (nietamorphic  sand- 
stone) which  crops  out  3  miles  north  of  Milford  on  the  road  to  Hay  don 
Kow  is  regarded  by  these  geologists  as  of  Cambrian  age  and  belonging 
to  the  ''Grafton  quartzite,^'  of  which  there  are  several  areas  in  Rhode 
Island  along  Blackstone  River,  also  west  of  Providence.  It  is  ,thus 
older  than  the  granite. 

Emerson  and  Perry  describe  '^Milford  granite''  in  these  words: 

A  great  granite  area  of  a  constant  type  that  extends  across  Massachusetts  and  Rhode 
Island  in  the  western  part  of  the  area  here  studied  has  been  named  by  the  writers  from 
the  well-known  quarries  in  Milford,  Mass.  This  is  a  compact ,  ma«isive  rock,  somewhat 
above  medium  grain,  and  of  light  color.  The  light  flesh  color  (^f  the  feldspar  and  the 
blue  of  the  quartz  give  it  in  some  places  a  slight  pinkish  tint ,  and  it  is  now  much  used 
us  a  structural  stone  under  the  name  "pink  granite."  Its  t  wo  especially  characteristic 
constitutents,  constantly  present,  are  l)lue  quartz  and  a  microcline  microperthite,  in 
which  sJbite  is  always  dusted  witli  minute  crystals  of  muscoviie  and  epidot(^  especially 
centrally,  while  the  microcline  is  free  from  these  minerals.  Tliese  perthitic  bands  of 
albite  also  generally  extend  out  l>eyond  the  surface  of  the  microcline.  and  cover  it  \nth 
a  more  or  less  continuous  veneer.  Tlie  rock  also  sliows  a  fnu?  micrograpliic  struct  ure  in 
contact  unth  quartz.  The  feldsi)ars  project  idiomorphically  into  large  fields  of  (piartz, 
which  seem  to  have  been  single  grains,  but  are  now  somewhat  cracked.  Most  of  this 
quartz  is  blue,  and  this  color  appears  also  in  the  contact  zones  and  even  in  the  second- 

•  EmeiBon,  B.  K.,  and  Perry,  J.  IT.,  Tho  gnrn  schists  jind  nssociat<Ml  granites  and  iwrphyrioa  of 
Rhode  Iiland:  BulL  U.  S.  Oeol.  Siirvoy  No.  311,  1<K)7.  I'l.  I. 

*  FUsonal  letter  from  Professor  Emerson  dated  May  1,  HK)7. 
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ary  quartz  that  is  found  in  fragments  of  schist  which  are  inclosed  in  the  granite  and 
which  have  been  greatly  altered  by  it.    The  fractured  grains  of  quartz  show  with 

7I*30' 
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Fig.  0.— Map  of  Milford,  Mass..  showing  locations  of  granito  qnarriPs.  1,  Maguire  quarn-.  Xoirro<> 
Milford  Pink  (Ininito  Company.  2,  Kcho  Lake  quarry,  samo company,  3.  Ilopkinton  quarry.  Mass;:- 
chusotts  I'ink  (Iranitc  Company.  4.  Cutting  quarry  CMilfonl  Slonc  Company,  in  190'.  .  5.  Mass..- 
chusc'tts  Pink  ([uarry.  Massachusetts  Pink  (Jranito  Company.  (»,  North  Milford  quarn-.  North 
Milford  (Jranitc  Company.  7.  Quarry  No.  ,S,  Wcbl)  Pink  Cranito  Company.  8.  Quarrj-  No.  7.  W<  ]•>) 
Pink  (Jranito  Company.  •»,  Quarry  No.  5,  W(])b  Pink  Granito  Company.  10,  Qiiarrj'  No.  3,  Wt-M- 
Pink  C,ranito  Company.  11,  Quarry  No.  4.  Wobb  Pink  Ciranitc  Company.  12,  West  quarry  (Mil- 
ford Stone  Company,  in  10<)<".i.  13,  I'.ast  quarry-  (Milford  Stono  Company,  in  190G).  14,  Norcro<« 
quarry  (Milford  Stono  C()m])any,  in  HUM')- 

polarized  light  tho  strongest  iindiilatory  extinction .  whieh  indicates  a  state  of  strain 
thai  lias  ])r()bul)ly  prodiiccMl  the  l)lue  color.     Tlu;  biotile  is  in  small  amount,  and  is 
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here  and  there  associated  with  epidote  grains.  In  specimens  of  granite  taken  at  the 
quarries  at  Graniteville  it  is  evenly  distributed  or  gathered  in  small  blotches,  as  in 
the  Milford  type,  and  the  rock  in  these  quarries  can  hardly  be  distinguished  from  the 
Milford  granite.  In  the  northwest  portion  of  the  area,  near  Woonsocket,  the  biotite 
occurs  in  distant,  interrupted,  rudely  parallel  films,  as  in  the  rock  at  the  Fayville 
quarries  north  of  Milford. « 

Description  of  Milford ,  Mass,,  granite. — The  following  epitomizes 
the  descriptions  of  rough  and  polished  specimens  and  thin  sections  of 
granite  given  beyond.  Analyses  and  tests  are  also  summarized.  Mil- 
ford granite  is  a  biotite  granite.  Its  general  color  ranges  from  a  light 
gray  or  light  pinkish  gray  to  a  medium  slightly  pinkish  or  pinkish  and 
greenish  gray,  but  always  with  spots  rich  in  black  mica  from  0.2  to  0.5 
inch  across  and  in  some  cases  tapering  out  to  an  inch  in  length. 

Its  texture  varies  from  medium  to  coarse,  not  porphyritic;  but, 
owing  primarily  to  a  marked  flow  structure  and  secondarily  to  com- 
pression, there  is  some  alignment  of  particles,  giving  the  stone  a 
slightly  gneissoid  appearance.  The  feldspar,  quartz,  and  biotite  are 
each  apt  to  form  continuous  lenticular  areas  up  to  an  inch  in  length. 
On  the  polished  face  the  quartz  is  seen  to  be  finely  granular.  The 
general  appearance  of  the  stone  varies  according  to  the  relation  of  the 
direction  of  the  cut  face  to  that  of  the  flow  structure.  Whenever  the 
plates  of  black  mica,  which  lie  with  their  major  axes  in  the  plane  of 
the  flow  structure,  coincide  with  the  face  of  the  stone,  it  will  show 
much  larger  black  spots  than  when  the  face  intersects  that  plane  at 
right  angles. 

Its  constituent  minerals,  in  descending  order  of  abundance,  are 
(1)  a  more  or  less  delicate  pink,  rarely  cream-colored,  potash  feldspar 
(orthoclase  and  microcline),  minutely  intergrown  with  soda-lime  feld- 
spar and  in  places  somewhat  kaolinizcd;  (2)  faintly  blue  quartz  frac- 
tured into  particles  up  to  1.75  millimeters,  in  some  specimens  not  over 
0.75,  showing  some  arrangement  of  cavities  in  sheets  and  in  places 
with  hair-like  crystals  presumably  of  rutile;  (3)  a  slight  yellowish 
green  to  milk  white,  rarely  clear,  striated  soda-lime  feldspar  (albite 
to  oligoclase-albite).  When  this  feldspar  is  not  clear  it  abounds  in 
minute  crystals  and  particles  of  epidote  and  zoisite,  scales  of  white 
mica,  and  some  chlorite  and  kaolin.  The  last  constituent  is  biotite 
(black  mica),  some  of  it  chloritized  and  associated  with  epidote.  The 
accessory  minerals  are  garnet,  pyrite,  magnetite,  ilmenite,  zircon, 
allanite,^  usually  rimmed  with  ej)i(lote,  and  apatite.  The  secondary 
minerals  are  kaolin,  white  mica,  epidote,  zoisite,  calcite  (usually  in 
the  soda-lime  feldspars),  titanite  (about  probable  ilmenite  in  biotite), 
and  hematite.  There  is  some  radiate  intergrowth  of  quartz  and 
feldspar. 

a  Op.  fit.,  pp.  45.  40. 
''Soeglossan-. 
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The  color  of  the  stone  is  governed  mainly  by  its  feldspars,  pink  from 
the  potash  and  green  from  the  soda-lime  feldspar.  These  are  but  very 
slightly  modified  by  the  pale-bluish  tinge  of  the  quartz. 

The  somewhat  gneissoid  arrangement  of  the  minerals,  giving  the 
*  feldspar  and  quartz  particles  uncertain  boundaries  in  the  direction  of 
the  flow,  prevents  the  accurate  application  of  the  Rosiwal  method,'' 
which  provides  that  no  one  particle  should  be  crossed  more  than  once 
by  lines  parallel.  A  specimen  from  quarry  No.  8  of  the  Webb  Pink 
Granite  Company,  in  which  there  is  little  if  any  flow  structure,  con- 
tained the  following  percentages: 

Estimnted  mineral  jyercenlages  in  Milford,  Mass.,  pink,  even-grained  granite. 

Feldspar 55.91 

Quartz 35.66 

Biotite 8.43 

100.00 

Five  tests  on  three  specimens  of  the  more  gneissoid  granite  showed 
the  following  ranges: 

Estimxitrd  minrrnl  percentages  in  Milford,  Mass,  pink  gn/issoid  granite. 

Feldspar 49.92-70.83^ 

Quartz 23. O4-I1.08 

Biotite 4. 72-11.29' 

These  variations  are  due  partly  to  the  very  different  proportion  of 
biotite  on  the  different  faces  of  the  rock,  as  already  explained. 

Three  complete  analyses  of  this  granite,  made  by  L.  P.  Kannicutt 
and  R.  H.  Richards,  are  given  under  the  respective  quarries.  Thev 
show  these  extremes: 

Extremes  of  analyses  of  Milford,  Mass.,  granite. 

Si02  (silica) 72. 02-77.08 

AloOg  (alumina) 12.54-14.43 

Feb  (iron  oxide) 52-   -^ 

^^2^3  (iron  sesquioxide) 00-1-23 

MnO  (manganese  oxide) 24-   -33 

CaO  (lime) : 75-1.18 

MgO  (magnesia ) Trace-     01 

K_.0  (potash) 4. 99-  5. -11 

Na.O  (soda) 3.  (H-  5.^ 

Tlie  followiiiti:  analysis  of  tlie  gianito  from  one  of  the  Norcross 
Brothers  (luarrios  was  made  by  Prof.  C.  F.  Cliandler,  of  Columbia 
UnivcMsit}':  ^ 

"Sec  for  <l<'lails  p.  f.«;. 

*  Day,  Will.  ('.,  2v»th  .\.nu.  \U'\)V.  V).  ^.  CuhA.  Svwvoy,  pt.  V>,  continucvi,  1898,  p.  221. 


MASSACHUSETTS.  77 

Analysis  of  MUford,  }fas*..  jininiU. 

SiOj  (silica) 76.07 

AI2O,  (alumina  1 12. 67 

Fe2^3  {^^^  sesquioxide  ■ 2. 00 

MnO  (manganese  oxide  • 03 

CaO  (lime) •. So 

MgO  (magnesia ^ 10 

K2O  (potash  I r 4. 71 

Na20(soda. 3.37 

1H).80 

Mr.  K,  C.  Sullivan,  a  chemist  of  the  United  Slates  Geological 
Survey,  extracted,  by  means  of  hot  dilute  acetic  acid.  0.06  per  cent 
of  CaO  (lime)  from  an  average  sixrimen  fix)m  the  Cutting  quarry. 
Tliis  lime  was  thus  present  in  the  form  of  CaCOa  or  calcite  (Hnn*  car- 
bonate) to  the  extent  of  0.107  jx^r  cent,  its  presence  Ixung  ivciogniza- 
ble  also  imder  the  microscoix\  It  j)rol)al)ly  was  formed  fn)m  the 
decomi)osition  of  the  lime-soda  feldspar. 

Six  crushing  tests  made  at  the  X'nited  States  ai-senal  at  Watertown 
show  an  ultimate  strength  of  20,000  to  21^200  pounds  {km-  s(|uaiv 
inch  for  Milford  granite. 

Those  sections  of  the  stone  in  which  mica  is  least  ai>undant  take 
a  good  polish,  but  the  others  are  not  likely  to  presiMve  their  polish  in 
pn)longed  outdoor  ex{X)suR».  The  scarcity  of  pyrite  and  magnetite 
,  on  the  polished  facc»  is  veiy  noticeable. 

Geoloffy  of  Milford,  J/«.<?,9.,  quarriis. — The  (Horite  schist  dikes  which 
.  traverse  this  granite  have  already  been  described  on  page  oi),  and 
the  probable  connection  between  the  development  of  schistosity  in 
these  dikes  and  the  stress  which  granulated  the  (juartz  of  the  granite 
has  been  pointed  out.  There  are  also  dikes  of  aplite  from  half  an 
inch  to  4  feet  thick,  some  of  it  a  quartz  mouzonite  in  composition, 
and  dikes  of  porphyritic  granite  with  N.  10°  and  :in°  K.  and  N.  20°  W. 
courses.  Some  of  these  contain  elliptical  l)iotitic  segregations  (or 
inclusions?). 

The  flow  structure  strikes  N.  10°,  85°,  40°,  45°  W.  and  X.  77°  H, 
dipping  from  40°  E.  to  90°.     In  places  it  is  nearly  horizontal. 

There  are  inclusions  of  biotite  gneiss  or  mica  diorite  from  a  few 
inches  to  2  feet  thick,  showing  that  this  rock  overlay  or  adjoined 
the  granite  at  the  time  of  its  intiiision. 

The  rift  is  reported  as  every whei(*  horizontal  and  the  grain  Jis 
vertical  with  a  N.  40°  E.  to  an  east-west  direction.  Rift  and  plane 
of  flow  structure  are  in  places  nearly  j)arallel. 

Sheets  from  6  inches  to  IS  feet  tliick  are  generally  irregular  or 
undulate  horizontally  with  incHnations  up  to  20°. 

As  will  be  seen  from  the  quarry  diagrams,  there  is  a  wide  range  in 
the  joint  courses.     They  are  N.,"  N.  10°,  '20°-'>F>^,  ^^^ ,  T^Vf  ,  vsvf  \^.., 
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and  N.  60'',  70°,  80°  W.  Those  occurring  at  the  largest  number  of 
quarries  are  N.  to  N.  10°  E.,  N.  45°-60°  E.,  and  N.  55°-70°  W.  The 
filling  of  a  parted  joint  with  calcite  probably  derived  from  once  over- 
lying calcareous  rocks  has  been  noted  on  page  61. 

The  Milfordj  Mass.j  quarries. —  The  Cutting  quarry  is  in  Milford 
Township,  3  miles  N.  5°  E.  of  Milford  and  hjilf  a  mile  south  of  Echo 
Lake  (fig.  6).  Operator  in  1906:  Milford  Stone  Company,  Milford, 
Mass.'* 

The  granite  (specimens  D,  XXVIII,  13,  a,  b,  c)  is  a  biotite  granite 
of  light-gray  shade,  with  a  very  slight  pinkish  tinge  and  conspicuous 
black  spots.     Its  texture  is  somewhat  gneissoid,  medium  to  coarse, 
with  particles  up  to  about  0.5  inch.     In  faces  cut  parallel  to  the 
plane  of  flow  structure  the  black  spots  measure  fully  0.5  inch,  but 
when  cut  in  the  transverse  direction  about  0.3  inch.     The  quartz 
areas  are  always  granular,  the  particles  up  to  1  millimeter  in  diam- 
ter  and  exceptionally  1.5  millimeters.     The  rock  consists  of  the  fol- 
lowing minerals,  in  descending  order  of  abundance:  A  very  delicate 
pink  potash  feldspar  (orthoclase  and  microcline,  both  with  minutely 
intergrown  soda-lime    feldspar);    quartz  with    minute  cavities  ar- 
ranged in  sheets,  appearing  colorless  in  isolated  particles,  but  in  the 
aggregate  having  a  very  pale  bluish  tinge;   a  milk-white  to  pale- 
greenish    striated    lime-soda    feldspar    (albite    to   oligoclase-albite), 
usually  crowded  with  particles  and  ciystals  of  epidote  and  zoisite 
from  0.0094   to   0.076   millimeter   in  length;   biotite    (black  mica), 
some  of  it  altered  to  clilorite  and  associated  with  epidote.    Both 
feldspars    are    somewhat    kaolinized,    particularly    the    soda  limf- 
The  accessory  minerals  are :  Garnet,  rare  pyrite  and  magnetite,  tita- 
nite,  zircon,  allanite  crystals  up  to  1  milUmeter  long,  coated  i^ith 
epidote,  and  apatite.     The  secondary  minerals  are:  Kaolin,  epidote, 
zoisite,  chlorite,  calcite,  and  hematite. 

An  estimate  of  the  mineral  percentages  with  half-inch  mesh  and 
total  linear  length  of  45.5  inches  A'ields: 

Estimated  mineral  percentucjea  in  Milford.  Mass..  pink  {p-anite  fnrm  Cutting  quarry. 

Feldspars 65.67 

Quartz 23.W 

Biotite 11.29 

The  following  analysis  was  made  by  Leonard  P.  Kinnicut,  of  the 
Worcester  Polytechnic  Institut(%  in  1S9<S,  and  is  given  here  f*^'' 
reference. 

'I  This  company  went  out  of  cxistoncr  with  tho  roinpUtion  of  its  contract  for  the  rennsylvania  Rj*"' 
road  terminal  station  in  Now  York,  and  on  .lanuary  1.  1907.  all  tho  quarries  here  reported  as  open»tw 
by  this  company  passed  into  the  \\ands  of  Ralph  A.  Stewart.  Sears  Building,  Boston,  as  receiver,  iiw 
bccanw  idJe  jX'nding  the  issue  ol  conviAexVvUguVxou. 
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Analysis  of  granite  from  the  Cutting  quarry,  Milford,  Mass. 

SiOa  (silica) 77.08 

AI2O3  (alumina) 12. 54 

FeO  (iron  oxide) 95 

CaO  (lime) 75 

MgO  (magnesia ) 01 

K,0  (potash) 4. 99 

Na20(soda) 3.64 

99. 96 

Mr.  E.  C.  Sullivan,  chemist,  of  the  United  States  Geological  Survey, 
extracted  0.06  per  cent  of  CaO  (lime)  from  this  granite  by  hot  dilute 
acetic  acid.  Tliis  indicates  the  presence  of  0.107  per  cent  of  CixCOg 
(lime  carbonate)  or  calcite,  the  presence  of  which  mineral  is  shown 
in  thin  sections. 

Two  tests  made  at  the  United  States  ai-senal  at  Watertown,  Mass., 
in  1898,  give  it  an  ultimate  strength  of  25,252  and  27,226  pounds 
per  square  inch.     The 

quarry,  opened  before  J 

1889,  measures  about  \^  \   ku        /    ^ 

500  feet  north-north-     \  V  i^     7^^^^  vt 

west  to  south -south-    ^  >^^     /    ^/     rf^  V 

east  by  150  feet  east-       »\  \    /  ^Xot^'Oi^^:::^  v> 

west,  and  from  20  to         *\  ^^^^^'^'^^^  V 

50  feet  deep.  %    _ii^^^^^^^\  \ 

The  sheets  are  from  ^\  ^^^^^ y/     /    \  V 

6    inches    to    18    feet  \      p^y^     4      \  \ 

thick  and  are  horizon-  A  ^/^      M  \  \ 

tal    but    irregular   in  ^X^b  \  \ 

places.     The  rift  is  re-  \ 

ported     as    horizontal,  ym.  L-Structun*  at  cutting  quttro',  Milforrl.  Mass. 

and  the  grain  as  verti- 
cal.    The   peculiar  mica  diorite  schist  dike  on  the  west  side  is  de- 
scribed on  page  59.      ApUte   dikes   are  5  inches  to   2   feet  tliick. 
The  courses   of  joints,  flow  structure,  dikes,  and   grain  are  show7i 
in  fig.  7. 

Heading  A  dips  70°  east,  and  joint  B,  occurring  only  at  the  north 
end,  dips  65°  south-southeast.  Bands  of  more  biotitic  granite  with 
groups  of  black  elliptical  schistose  knots  or  inclusions  indicate  the 
direction  of  flow.  In  thin  section  those  sliow  particles  all  under  0.1 
inch,  mostly  biotite,  next  a  plagioclaso  much  altered  to  epidote  and 

zoisite,  and  lastly  quartz.    Ganiets  in  roundish  grains  are  also  present. 

Eusty  discoloration  along  the  sheets  is  from  6  to  12  inches  thick. 
The  plant  at  the  quariy  consists  of  5  derricks,  5  hoisting  engines,  3 

steam  driUsy  4  steam  pumps,  and  1  locomotive;  at  the  cutting  shed 

there  are  2  compressors  (capacity  1,:^0()  and  2\>0  c\xV>\v!,  l^^V  ol  ^\\  ^<^^ 
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minute),  12  surfacers,  30  air  plug  drills,  113  air  hand  drills,  2  vertical 
polishers,  1  polishing  lathe  for  columns  of  indefinite  length  and  40 
inches  diameter,  1  revolving  saw  for  dentals,  7  derricks,  5  hoisting 
engines,  and  a  20-ton  overhead  crane. 

Transportation  is  effected  by  a  siding  from  the  New  York,  New 
Haven  and  Hartford  Railroad  and  a  track  from  quarry  to  cutting 
shed. 

The  product  is  used  mainly  for  buildings.  Specimen  structures 
are  the  bank  building,  Newton,  Mass. ;  the  Washington-Greoi^town 
street  railway  depot  at  Georgetown,  D.  C;  the  New  York  State 
monument  on  Lookout  Mountain,  Chattanooga,  Tenn.,  which  con- 
sists of  a  shaft  6  feet  in  diameter  and  50  feet  high  made  in  sections. 
This  quarry  furnished  part  of  the  base  and  all  the  lantern  for  the 
Pennsylvania  Railroad  terminal  station  at  New  York. 

Eighty-four  31 -foot  sectional  granite  columns  for  the  Pennsylva- 
nia Railroad  station  at  New  York  were  finished  al  the  cutting  shed 
of  this  quarry,  hut  the  granite  blocks  for  them  came  from  the  other 
Milford  quarries  operated  by  this  company.  Each  column  is  made  in 
four  or  five  sections  the  blocks  for  which  are  first  roughly  he\^Ti  by  air 
plug  drills  and  then  centered,  attached  to  an  iron  pivot  at  each  end, 
and  put  in  short  improvised  lathes.  After  cutting  a  narrow  circular 
edge  by  hand  on  each  side  two  or  more  sides  are  first  made  flat  by 
surfacers,  and  the  sectional  colunm  is  revolved  on  its  pivot  by  hand 
and  bai-s  while  the  rest  of  the  work  is  done  by  surfacers.  In  making 
the  dentals  sets  of  circular  steel  saws  with  rectangular  teeth  are  used 
in  connection  with  chilled  iron  shot  to  make  vertical  incisions  in  the 
granite  block  at  the  required  intervals,  and  the  rest  is  done  by  hand. 

The  East  quarry  is  in  Milford  Township,  1}  miles  northeast  of 
Milford  (fig.  6).  Operator  in  1906:  Milford  Stone  Company,  Milford, 
Miiss." 

Tlie  granite  (si)ecimens  D,  XXVIII,  14,  d,  e,  g,  h)  is  a  biotite  granite 
of  light  pinkish  gray  color  with  more  or  less  conspicuous  black  spots. 
Tlie  general  color  is  more  pinkish  than  that  of  the  Cutting  quarry- 
Its  texture  is  somewhat  gneissoid,  medium  to  coarse.  Feldspar  and 
mica  measure  up  to  0.5  inch  but  the  feldspar  individuals  merge  into 
lenses  an  inch  Icmg,  as  do  also  the  quartz  and  biotite.  The  length 
and  width  of  the  biotite  spots  in  any  surface  depends  upon  whether 
that  surface  is  parallel  to  the  plane  of  the  flow  structure  or  to  its 
">i(le,  or  crosses  it.  The  quartz  areas  are  always  granular,  wath  parti- 
cles up  to  1 .75  millimeters  across.  The  rock  consists  of  these  minerals 
in  descending  order  of  abundance:  A  light-pink  potash  feldspar 
(niicrocline  and  orthoclase)  with  some  intergrowTi  soda-lime  feldspar, 
slightly  kaolinized;  (|uartz  (with  minute  cavities  arranged  in  sheets), 
which  in  the  aggregate  has  a  very  pale  bluish  tinge;  a  milk-wliite 

a  Set'  footnote,  p.  78. 
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to  light-greenish  striated  soda-lime  feldspar  (albite  to  oligoclase- 
albite),  partly  kaolinized  and  crowded  with  minute  particles  and 
crystals  of  epidote  and  zoisite  with  a  few  scales  of  white  mica  and 
rarely  calcite;  biotite  (black  mica),  some  of  it  chloritized,  rarely 
containing  ilmenite,  with  a  rim  of  leucoxene.  The  accessory  min- 
erals are:  Garnet,  apatite,  magnetite  and  pyrite  (rare),  ilmenite, 
zircon,  and  allanite  (up  to  0.6  mm.),  rimmed  with  epidote.  The 
secondary  are:  Kaolin,  a  white  mica,  epidote,  zoisite,  leucoxene, 
chlorite,  and  calcite.  The  merging  of  the  particles  by  the  gneissoid 
structure  vitiates  somewhat  the  application  of  the  Rosiwal  method 
of  estimating  the  mineral  percentages,  and  the  great  variation  in 
the  amount  of  biotite  on  different  specimens  also  affects  the  results. 
Four  tests  on  two  specimens  with  meshes  0.5  inch  and  a  total  linear 
length  of  28.8  inches  yielded  these  results: 

Estimated  inineral  percentages  in  Milford,  Mass.,  gneissoid  granite  from  tlie  East  qunrry. 


Feldspar ' 

Quartz I 

Biotite , 


49.92 
41  08 
9.00 

58.47  1 
35.08  1 
6.45 

C8.22 
2«.92 

A.m 

70.8.3 

24.45 

4.72 

100  00         100.00  1      100.00  I        100.00 


The  following  analysis  of  this  granite,  made  for  the  company  by 
Prof.  R.  H.  Richards  at  the  Massachusetts  Institute  of  Teclmology, 
is  given  here  for  reference : 

Analysis  of  Milford,  Mass.,  granite  from  the  East  qnarry. 

SiOa  (silica) 72 .  02 

Al^Oa  (alumina) 14. 43 

FeO  (iron  oxide) 89 

PcjOs  (iron  sesquioxide) 1. 25 

MnO  (manganouB  oxide) 33 

CaO  aime) 1.18 

MgO  (magnesia^ Trace. 

KaO  (potaah) 5. 41 

NaaO  (soda) 5. 85 

I^oes  in  ignition 35 

The  durability  of  the  polished  face  on  outdoor  exposure  will  vary 
according  to  the  size  and  number  of  the  biotite  particles. 

The  quarry  is  about  100  feet  from  north  to  south,  by  800  foet  from 
east  to  west,  and  from  40  to  80  feet  deep. 

The  chief  structural  feature  is  a  vertical  granite  dike  4.  feet  thick 
crossing  the  quarry  diagonally.  Tt  is  a  biotite  granite,  medium  to 
dark  greenish  to  gray  in  color  with  pinkish  spots.  Its  texture  is 
fine  to  medium,  with  porph^^Titic  feldspars  up  to  OA)  inch,  and  excep- 
tiojutily  to  1.3  inches  in  length.  Tlie  matrix  ccmsists  largely  of 
greenish  soda-lime  fehlspar  (oligoclase-albite)  partly  kaolinized  and 
epidotizedy  a  slightly  bluish  granular  ([uartz,  the  colors  of  these  two 
GGiaa— BulL  d5i-08 6 
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minerals  giving  the  rock  a  general  bluish-green  tinge,  and  biotite 
(black  mica).     The  large  pink  crystals  are  potash  feldspar  (citho- 
clase  with  minutely  intergrown  soda-Ume  feldspar,  also  microcline). 
There  is  also  some  potash  feldspar  in  the  groundmass.     The  acces- 
sory minerals  are:  Garnet,  apatite   (fairly  abundant),   zircon,  and 
allanite.     The  secondary  minerals  are:  Kaolin,  muscovite,  chlorite, 
epidote,  zoisite,  and  calcite.     This  dike  contains  black  segregations 
(inclusions?),  mainly  of  biotite  with  slightly  bluish  quartz  and  epidote. 
The  granite  has  a  flow  structure  marked  by  darker  bands  striking 
N.  10°  W.  and  dipping  40°  E.     The  granite  also  contains  irregular 
inclusions,  from  1  to  2  feet  in  diameter,  of  a  dark  gray  and  black 
banded,  very  fine  grained,  somewhat  schistose  mica  diorite  (quartz, 
biotite,  and  plagioclase,  with  pyrite,  magnetite,  and  epidote).     The 
rift  is  reported  as  horizontal  and  the  grain  as  vertical.     The  sheets, 
from   1   to   15  feet  thick,  dip   10°-15°  SSW.     The  courses  of  dike. 


Fig.  8.— Structure  at  East  quarry,  Milford,  Mass. 

flow,  grain,  and  joints  are  shown  in  fig.  8.  Joints  A  dip  80^  E.  and 
recur  at  intervals  of  100  to  200  feet.  Joints  B  dip  45°-50°  SSW., 
and  are  spaced  3  feet  and  over;  joints  C  dip  45°  N. ;  joint  D,  one 
only,  dips  60°  NW.;  joints  E  dip  45°  W.  The  face  of  joints  Aon 
the  west  wall  is  coated  with  a  mass  of  minutely  brecciated  granite  H 
inches  thick,  cemented  with  calcite,  chlorite,  fibrous  muscovite,  ^^  • 
limonite.  Joints  E  are  slickensided  horizontally.  Ferruginous  (iis- 
roloration  occurs  along  the  sheets  from  6  inches  to  2  feet  thick. 

The  plant  consists  of  10  derricks  and  10  hoisting  engines,  a  locomo- 
tive crane,  a  locomotive,  an  air  compressor  (capacity  1,900  cubic 
feet  of  air  per  minute),  16  surfacers,  8  large  air  rock  drills,  40  air 
plug  drills,  30  air  hand  tools,  2  saws  for  13-foot  granite  blocks,  a 
revolving  saw  for  dentals,  2  polishing  lathes  for  columns  25  by  4 
feet,  5  vertical  polishers,  and  2  steam  pumps. 

Transportation  is  effected  by  a  siding  from  the  Boston  and  Albany 
Railroad,  - 
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The  product  is  used  for  buildings  and  monuments.  Specimen 
structures:  Hanover  National  Bank,  New  York;  the  entire  Boston 
PubUc  library,  and  the  Public  Library,  Columbus,  Oliio.  In  1906 
this  quarry  was  fumisliing  part  of  the  stone  for  the  basement  of  the 
new  National  Museum  at  Washington,  and  also  part  of  that  for  the 
Pennsylvania  Railroad  terminal  at  New  York.  PI.  VII,  B,  shows  the 
storage  yard  of  the  blocks  for  this  structure  from  this  and  other 
Milford  quarries,  and  illustrates  the  mode  of  handling  large  contracts. 

The  Norcro88  quarry  is  in  Milford  township,  nearly  2  miles  north- 
east of  Milford  and  about  one-fourth  mile  east  of  the  East  quarry. 
(See  fig.  6.)     Operator,  Milford  Stone  Company.'' 

The  granite  (specimen  D,  XXVIII,  15,  a)  is  a  biotite  granite  of 
light  pinkish-gray  color  with  more  or  less  conspicuous  black  spots. 
The  general  color  is  like  that  of  the  East  quarry  described  on  page  80, 
but  is  marked  by  hght  blood-reddish  stains  not  over  0.25  inch  across 
and  an  inch  or  two  apart.  Its  texture  is  Uke  that  of  the  East  quarry. 
The  quartz  grains  measure  up  to  1.1  millimeters.  Its  constituents 
are  also  the  same,  but  with  the  addition  of  red  hematitic  stains,  which 
originate  presumably  in  the  oxidation  of  magnetite  particles. 

The  quarry  measures  175  feet  from  northeast  to  southwest,  by 
100  feet  from  northwest  to  southeast,  and  about  70  feet  in  depth. 

The  sheets,  which  are  up  to  about  15  feet  tliick,  have  a  low  northr 
erly  dip.  Joints,  striking  about  northeast  and  dipping  over  50° 
northwest,  form  the  northwest  and  southeast  walls.  Another  set 
with  a  similar  strike  dips  80°-45°  SE.,  and  is  spaced  3  to  10  feet. 
A  third  set  strikes  about  north  or  diagonally  to  (luarry,  and  api)ears 
on  the  southwest  wall.  The  rift  is  reported  as  better  than  at  some 
of  the  other  Milford  quarries.  Rusty  stain,  measuring  up  to  2  feet, 
appears  on  the  east  side  of  the  ({uarr\\ 

The  plant  consists  of  9  derricks,  (>  hoistinii;  (uigiiies,  a  locomotive 
crane,  an  overhead  electric  crane  (cai)acity,  25  terns),  an  air  com- 
pressor (capacity,  550  cubic  feet  of  air  ])er  minute),  a  large  air  drill, 
15  air  plug  drills,  40  air  hand  tools,  :\  surfacers,  a  circular  saw  for 
dentals,  3  polishing  lathes  (2  for  stones  20  by  2.\  feet,  1  for  stones 
30  by  4  feet),  4  vertical  polishers,  a  steam  pump,  and  a  stone  crusher 
with  a  capacity  of  80  tons  in  ten  hours. 

The  West  quarry  is  iji  yiilford  township,  1 J  miles  north-northeast  of 
Milford.     Operator  in  1900,  Milford  Stone  Company,  Milford,  Mass." 

The  granite  (specimens  D,  XXVIII,  10,  a,  b)  is  a  l)iotite  granite 
of  light  pinkish  gray  color,  like  that  of  the  Cutting  (quarry  (j).  7S), 
but  with  more  conspicuous  greenish  fehlspars  and  nuich  smaller 
black  mica  spots.  Its  texture  is  medium  to  coarse,  and  is  even- 
grained,  with  very  Httle  if  any  gneissoid  structure.  The  feldspars 
measure  up  to  0.5  inch,  the  black  mica  to  0.3,  rarely  0.4,  and  the 

rt  See  footnote,  p.  7S. 
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quartz  is  granular.  Its  constituents,  in  descending  order  of  abun- 
dance, are:  A  delicate  pink  potash  feldspar  (orthoclase  and  microcline, 
both  inclosing  large  particles  of  soda-lime  feldspar);  quartz  with 
some  cavities  in  sheets,  clear  not  bluish;  a  milk-white  to  light- 
greenish  soda-hme  feldspar  (albite  to  oUgoclase-albite),  partly 
kaoUnized  and  epidotized,  also  with  some  white  mica  and  calcite; 
biotite  (black  mica),  some  of  it  chloritized.  The  accessory  minerals 
are:  Garnet,  magnetite,  pyrite;  the  secondary:  Kaolin^  a  white 
mica,  epidote,  zoisite,  and  calcite. 

A  partial  analysis,  leaving  out  potash  and  soda,  made  for  the  com- 
pany by  Prof.  R.  H.  Richards,  of  the  Massachusetts  Institute  of 
Technology,  is  given  here  for  reference: 

Partial  analysis  of  Milford,  Mass..  granite froin  West  quarry. 

SiOaCsilica) * 75.77 

AI2O3  (alumina) 13.59 

FeO  (iron  oxide) 52 

FcoOg  (iron  sesquioxide ) 1.  H 

MnO  (manganese  oxide) .24 

CaO  (lime) .94 

MgO  (magnesia) Trace. 

Loss  on  ignition " .49 

92.69 

The  quarry,  opened  about  1887,  measures  about  300  feet  by  175 
feet  and  is  40  feet  in  depth. 

There  are  on  the  east  side  conspicuous  vertical  dikes  of  medium- 
gray,  fine-grained  quartz  monzonite,  from  0.5  inch  to  2  fe^t  thick, 
striking  N.  20°  W.,  which  occur  at  interv^als  of  20  to  100  feet.  This 
consists  of  clear  potash  feldspar  and  cloudy  light-gray  soda-lime  feld- 
spar in  almost  equal  amounts,  the  latter  kaolinized,  micacized,  and 
altered  to  epidote  and  zoisite;  quartz,  with  hairlike  crystals  of  nitile 
and  cavities;  biotite,  some  of  it  altered  to  chlorite.  Acessor}'  lui^' 
erals:  Garnet,  etc.  Secondary  minerals'  Kaolin,  a  white  inica» 
epidote,  zoisite,  chlorite,  and  calcite.  There  are  two  schist  dikes 
already  described  on  page  59.  One  on  the  north  wall,  2  feet  thick, 
strikes  N.  65°-70°  W.,  and  dips  65°  north-northeast;  another, farther 
south,  20  inches  thick,  strikes  about  northwest  and  is  vertical.  The 
shoots,  from  2  to  1 5  foot  thick,  are  nearly  horizontal  at  the  north  end  of 
tho  (juariy,  but  dip  15°-20°  at  the  south  end.  The  sheets  become 
irregular  at  tho  bottom.  Vortical  joints  strike  N.  to  N.  10°  E.,  are 
spaced  10  to  100  foot,  and  form  a  heading  on  west  side.  One  at  the 
north  ond  strikes  X.  GO"^  W.  and  dips  ouiving  45°-50°  southwest. 

Tho  plant  consists  of  6  doriicks,  0  hoisting  engines,  a  locomotive 
ciano,  a  oO-horsopowoi'  ongino,  an  air  compressor  (capacity,  900  cubic 
foot  of  air  por  niinuto),  5  surfacors,  8  air  plug  drills,  12  air  hand  tools,  a 
saw  for  14-foot  blocks,  and  2  steam  pumps. 
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Transportation  is  effected  hy  a  half-mile  track  to  the  New  York, 
New  Haven,  and  Hartford  Railroad. 

This  quariy  furnished  the  stone  for  the  Bowenville  station,  at  Fall 
River,  Mass.;  the  John  Hancock  Insurance  Company  building,  on 
Federal  street,  Boston:  the  Rhode  Island  Hospital  Tiiist  building,  on 
Westminster  street.  Providence:  the  1  welfth  street  station  of  the  Illi- 
nois Central  Railroad  at  Chicago,  and  the  base  and  die  of  the  McKinley 
monument  at  Toledo,  Ohio.  In  1906  it  was  suppMng  part  of  the 
stone  for  the  Pennsylvania  Railroad  terminal  at  New  York  and  the 
basement  of  the  National  Museum  at  AVashington. 

This  quarr^^  is  regarded  as  nearly  worked  out,  owing  to  imperfect 
sheet  structure  at  the  bottom. 

The  Massachusetts  Pink  quarry  is  in  Milford  township,  2  J  miles 
north  of  Milford,  at  the  north  end  of  a  low  north-south  ridge*.  (See 
fig.  6.)  Operator,  the  Massachusetts  Pink  Granite  Company,  ^lilford, 
Mass. 

The  granite  (specimen  D,  XXVIII,  21,  b)  is  a  biotite  granit(»  of 
light-gray  shade  with  a  veiy  slight  pinkish  tinge  and  conspicuous 
black  spots.  Its  texture  is  somewhat  gneissoid,  medium  to  coai'se, 
in  other  respects  and  in  mineral  composition  clos(»ly  res(»mbling  flu* 
dtone  of  the  Cutting  quarrj',  described  on  page  7S. 

The  quarrj^,  opened  in  1902,  is  '^00  feet  from  east  to  w(»st  by  200  fe(»t 
across  and  from  10  to  35  feet  deep. 

A  schist  dike  2  feet  thick  on  the  west  side,  striking  N.  W"^  W.  and 
dipping  55°  E.,  has  already  been  mentioned  <;n  i)age  51).  The  sheets, 
from  4  to  25  feet  thick,  dip  low  east.  There  are  3  si*ls  of  joints:  Set  A 
strikes  N.  35*"  W.,  dips  65''  E.,  and  is  spaced  100  feet ;  w't  B  strikes 
N.  55''-60''  E.,  dips  90°,  and  is  spaced  30  feet:  set  C  strikes  N.  55''  W. 
and  dips  40°  W.  The  rift  is  reported  as  horizontal,  and  the  grain  as 
vertical  from  east  to  west.  Rusty  discoloration  is  u[>  to  3  indies 
thick  on  the  lower  sheets. 

The  plant  consists,  at  the  quarr}',  of  3  deiricks,  3  hoisting  engines, 
2  steam  drills,  an  air  compressor  (^capacity,  130  cubir  fef»t  of  air  pnr 
minute),  4  air  plug  drills,  a  saw  for  stones  12  fee*!  Ion;:,  and  2  steam 
pumps.  At  the  cutting  shed  there  are  1  derrick,  1  hoisting  en^nn**, 
a  locomotive  crane,  an  air  compressor '^ capacity,  31 1  rnbir  fn-t  of  air 
per  minute),  4  surfacers,  and  20  air  hand  tooU. 

Transportation  is  effected  by  a  cartage  of  '.\  iniK-  to  i'\\\\\\\\r  j,|u.d  at 
New  York,  New  Haven  and  Ilailford  Railroad  track. 

The  product  is  used  for  buiMing-.  bridge-,  and  nniii:-ioleninM. 
Specimens:  Bridge  over  Bronx  River  in  lironx  Pnrk,  \<'\v  York; 
Rochester  Safe  Deposit  and  Trust  Company  building,  Rorjn-  .ti-r,  N  Y. : 
Bloomingdale  mausoleum  in  (irepuwood  r«'nir't«rv,  N.  Y.  In  \\)W 
this  company  was  executing  a  contract  for  tin*  MrKitd<y  nationni 
memorial  at  Canton,  Ohio. 
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The  Hoplcinton  quarry  is  in  Hopkinton,  Middlesex  County,  Mass.,  a 
mile  south  of  Hayden  Row  and  about  3  J  miles  north-northeast  of 
Milford.  Operator,  the  Massachusetts  Pink  Granite  Company,  Mil- 
ford,  Mass.  This  is  a  small  opening  near  the  company's  cutting  shed, 
not  worked  in  1906. 

The  granite  (specimen  D,  XXVIII,  22,  a)  is  a  biotite  granite  of 
medium  slightly  pinkish  gray  color  with  fine  black  specks.  Its  tex- 
ture is  even-grained,  medium,  with  feldspars  generally  up  to  0.4  inch 
and  mica  to  0.2  inch.  It  is  thus  pinker  and  finer  grained  than  that  of 
the  Massachusetts  Pink  quarry.  Its  constituent  minerals,  in  descend- 
ing order  of  abundance,  are:  A  pinkish  potash  feldspar  (orthoclase 
and  microcline) ,  inclosing  particles  of  soda-lime  feldspar  and  slightly 
kaolinized;  faint  rose-colored  granular  quartz  in  particles  up  to 
1.37  millimeters;  a  grayish  or  greenish-gray  soda-lime  feldspar 
(albite  to  oligociase-albite) ,  a  little  kaolinized  and  epidotized  with 
some  white  mica ;  biotite  ( black  mica) ,  some  of  it  chloritized.  Acces- 
sory minerals  are:  Garnet,  magnetite,  apatite,  zircon,  and  allanite 
(bordered  with  epidote).  Secondaiy  minerals:  Kaolin,  epidote, 
zoisite,  chlorite,  and  a  white  mica. 

The  quarry  is  50  feet  square  and  25  feet  deep. 

The  Bishop  mausoleum  in  Sleepy  Hollow  Cemetery,  at  Tarrytowxx, 
N.  Y.,  is  made  of  this  stone. 

Th  e  Maguire  quarry  "  is  in  Hopkinton,  one-half  mile  west  of  Echo  Laftr^< 
and  3f  miles  N.  5°  W.  of  Milford.  (See  fig.  6.)  Operator,  NorcrossM^-1 
ford  Pink  Granite  Company,  Milford,  Mass. 

The  granite  is  a  biotite  granite  of  light-gray  shade  with  a  ve  ^* 
slight  pinkish  tinge  and  conspicuous  black  spots.  In  texture  and  cc^  i 
stituents  it  is  reported  as  corresponding  to  the  stone  of  the  Cuttir^ 
quarry^  described  on  page  78. 

The  quariT,  opened  in  November,  1906,  measures  300  by  100  {i=^ 
and  up  to  15  feet  in  depth. 

The  sheets  are  reported  as  dipping  about  20°  northeast. 

The  plant  consists  of  2  derricks,  2  hoisting  engines,  and  2  steir^w 
drills. 

Transportation  involves  cartage  of  1  mile  to  the  cutting  shed  or^  « 
railroad  siding. 

In  1906-7  this  quarry  was  engaged  in  finishing  work  on  the  Penn- 
sylvania '^teiniiual  concourse"  in  Xow  York. 

Th(  lu'ho  ]jik(  fiudrri/^'  is  in  Milford  township  near  th(»  Hopkinton 
linc^  and  Kcho  Lake,  .'^V  miles  X.  5°  K.  from  Milford.  (See  fig.  r>.^ 
OpcM'ator,  Noi'cioss  Milford  Pink  (lianite  Company,  Milford,  Mass. 


"Thodata  for  this  ([iiarry  witi'  ohtairiPfl  in  writing  from  Mr.  F.  A.  Whipple.  th»*  siiiMTinlt'n'l^-nl. 
as  I  lie  <[U;irry  was  opened  aflt-r  the  writer's  visit  t(»  Milford. 

''  The  data  for  this  (luarry  were  obtained  in  writinu  from  Mr.  F.  A.  Whipple,  the  su|ierinten<leiit.  .»s 
tlie  (piarry  waso]>cned  after  the  writer's  visit  to  Milford. 
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The  granite  is  a  biotite  granite  of  light  gray  shade,  with  sHght  pink- 
»h  tinge,  reported  as  a  Uttle  more  pinkish  than  that  of  the  Cutting 
uarry  described  on  page  78. 

The  quarry,  opened  in  October,  1906,  measures  60  by  40  feet  and  up 
3  20  feet  in  depth. 

The  sheets  are  reported  as  dipping  about  20°  west,  but  as  irregular, 
laking  this  a  "bowlder  quarry"  A  "soft  heading/'  that  is  a  schist 
ike  like  that  at  the  Cutting  quarry,  described  on  page  59,  is  reported 
s  forming  the  west  side  of  quarry  with  a  north-northwest  strike. 

The  plant  consists  of  a  derrick  and  hoisting  engine  and  a  steam 
ump. 

Transportation  involves  cartage  of  1  mile  to  the  cutting  shed  which 
{  on  a  railroad  siding. 

In  1906-7  the  quarry  was  furnishing  material  for  the  completion  of 
16  Pennsylvania  "  terminal  concourse ''  in  New  York. 

The  North  Milford  quarry  is  in  Milford  township,  2 J  miles  about 
[.  7°  W.  fromMilford  and  one-third  mile  southwest  of  the  Massachusetts 
ink  quarry.  (See  fig.  6.)  Operator,  North  Milford  Granite  Company, 
16  Purchase  street,  Milford,  Mass. 

The  granite  is  a  biotite  granite  of  light  gray  shade  with  a  verj^ 
ight  pinkish  tinge  and  conspicuous  black  spots.  In  texture  and 
instituents  it  is  identical  vrith  the  stone  of  the  Cutting  quarry 
escribed  on  page  78. 

The  quarry,  opened  in  1905,  is  100  feet  square  and  averages  5  feet 
1  depth. 

Owing  to  the  irregularity  of  sheets  this  is  a  bowlder  quarr}'.  Verti- 
al  joints  strike  N.  80°  E.  and  N.  25°  E.  The  rift  is  reported  as  hori- 
Dntal  and  the  grain  as  vertical  with  N.  80°  E.  coui-se. 

The  plant  consists  of  2  small  derricks  and  2  hoisting  engines. 

Transportation  is  by  cartage  2  J  miles  to  the  New  York,  New  Haven, 
nd  Hartford  and  the  Boston  and  Albany  railroads. 

The  product  is  used  for  construction  only.  Specimen  buildings: 
he  granite  part  of  Redmond  Bank  building,  31  Pine  street,  and  the 
rimmings  for  tenements  of  Homes  Suburl)an  Company,  One  hundred 
nd  fifty-sixth  street,  New  York.  Contract  in  1906:  The  trimmings 
>r  the  residence  of  Ilennen  Jennings,  northeast  corner  of  Massachu- 
»tts  avenue  and  Sheridan  Circle,  Washington,  1).  C. 

ITie  CarroU  quarry  is  in  Milford  township,  1}  miles  north  of  Milford 
nd  one-half  mile  north-northwest  of  Cedar  wSwamp  i)on(l.  ( wSee  fig.  6.) 
^ratbr,  Webb  Pink  Granite  (Company,  office,  40  Crescent  street, 
Worcester,  Mass. 

The  granite  (specimen  D,  XXVIII,  IS,  b)  is  a  biotite  granite  of  light- 
ray  shade  with  conspicuous  black  spots.  This  is  the  whitest  of  the 
Qlford  granites.     Its   texture   is  somewhat  gneissoid   medium   to 
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coarse,  with  feldspars  and  mica  up  to  0.5  inch  across  and  with  finely 
granular  quartz.  Its  constituents,  in  descending  order  of  abundance, 
are:  A  cream-colored  to  palest  pink  potash  feldspar  (orthoclase  and 
microcline),  with  minutely  intergrown  soda-lime  feldspar  and  slightly 
kaolinized;  clear,  not  bluish,  quartz  in  grains  up  to  0.5  mmillimeter, 
and  with  cavities  some  of  which  are  in  sheets;  clear  to  cloudy,  some 
very  pale  greenish,  soda-lime  feldspar  (albite  to  oUgoclase-albite),  not 
a  little  kaolinized  and  epidotized;  biotite  (black  mica),  some  of  it 
chloritized.  Accessory  minerals  are:  Garnets  (minute  and  usually  in 
rows),  apatite,  fluorite,  allanite  ( rimmed  with  epidote),  and  zircon. 
Magnetite  and  pyrite  not  observed.  Secondary  minerals  are: 
Kaolin,  epidote,  zoisite,  chlorite,  calcite,  white  mica. 

The  following  analysis  of  this  granite,  made  for  the  company  by 
Robert  C.  Sweetzer,  of  the  Worcester  Polytechnic  Institute,  in  1905  is 
given  here  for  reference : 

Analysis  of  Milford,  Mass.,  granitffrovi  the  Carroll  quarry. 

SiOa  (silica) 76. 52 

A2IO3  (alumina) 12. 21 

FeO  (iron  oxide) 2.  (M» 

CaO  (lime) 79 

MgO  (magnesia) l;l 

K2O  (potash) 4.  (»8 

NajO  (soda) 2. 8(» 

H2O  (water) 41 

100.  26 
Specific  gravity  2.633. 

The  quarry,  opened  in  1905,  measures  about  500  by  200  feet  and 
up  to  30  feet  in  depth. 

The  sheets,  from  6  inches  to  15  feet  tliick,  unchilate  horizontally. 
The  rift  is  reported  as  horizontal  anil  the  grain  as  vertical,  with  N.  65° 
E.  course.  Joints  A  strike  N.  60°  W.,  dij)  90°  and  are  spaced  10  to 
60  feet.  Joints  B  strike  N.  20°  E.,  dij)  90°,  and  form  headings  at  the 
northwest  and  southeast  sides  and  in  the  middle.  Joints  C  strike 
X.  S0°  W.  and  dip  45°  south,  of  which  one  is  in  the  middle  and  another 
25  feet  east  of  it.  There  is  a  quartz  vein  uj)  to  0.1  inch  wade,  with  a 
X.  10°  E.  course.  Rusty  discoloration  is  2  inches  thick  on  sheet 
surfaces. 

The  plant,  which  includes  that  of  Webb  ((uarrv  Xo.  8  and  the 
cutting  machinery  for  the  ])ro(luct  of  both,  consists  of  8  derricks. 
6  hoisting  engines,  6  locomotive  cranes,  2  overhead  cranes  (capacity 
20  tons  each),  2  air  compressoi-s  (capacity,  1,200  and  1,800  cubic  feet 
of  air  per  minute),  2  large  air  drills,  55  air  i)lug  drills,  84  air  hand 
tools,  8  surfacers,  and  an  air-driven  pump.  There  is  also  a  200 
kilowatt  direct-current  generator  for  operating  the  railroad  and  cranes. 


MASSAC  H  USKTTS.  89 

Specimen  structures:  The  Commercial  National  Bank,  Chicago, 
and  the  John  Hancock  Building  No.  2,  in  Boston,  were  built  partly 
of  stone  from  this  quarry  and  partly  from  that  of  Webb  quarry  No.  8. 

The  Wehh  quarry  No.  2  is  in  ^Clford  township,  2  miles  north  of 
Milford.  (See  fig.  6.)  Operator,  Webb  Pink  Granite  Company, 
office,  40  Crescent  street,  Worcester,  Mass. 

The  granite  (specimens  D,  XXVIII,  17,  a,  b)  is  a  biotite  granite  of 
medium  pinkish  and  greenish-gray  color  with  black  spots  which  are 
not  as  conspicuous  as  those  of  the  Carroll  or  Cutting  quarry  stone. 
Its  texture  is  even-grained,  medium,  with  feldspars  up  to  0.4  and 
mica  up  to  0.2  inch  in  diameter,  and  finely  granular  quartz.  Its  con- 
stituents, arranged  in  descending  order  of  abundance,  are :  A  delicate 
pink  potash  feldspar  (orthoclase  and  microcline),  minutely  inter- 
grown  with  soda-Ume  feldspar  and  with  quartz  and  more  or  less 
kaolinized;  a  very  faintly  bluish  and  finely  granular  quartz  with 
cavities  some  of  which  are  in  sheets;  a  yellow  greenish  to  clear  soda- 
lime  feldspar  (albite  to  oligoclase-albite),  generally  kaolinized  and 
epidotized  also  with  some  scales  of  white  mica  and  chlorite;  biotite 
(black  mica).  Accessory  minerals  are:  Magnetite,  apatite,  and  zir- 
con. Secondary  minerals  are:  Kaolin,  epidote,  zoisite,  chlorite,  and 
a  white  mica.     Calcite  not  observed. 

An  estimate  of  the  mineral  percentages  by  the  Rosiwal  method 
with  half-inch  mesh  and  total  linear  length  of  46.5  inches  yields  these 
results : 

Estimated  rtiineral  percentages  in  MUJnrd,  Mass.,  granite  J  mm  Wehb  quarry  A'o.  S. 

Feldspar 55. 91 

Quartz 35.  GO 

Biotite 8. 43 

100.00 

Mr.  W.T.Schaller,  chemist,  of  the  Ignited  States  Geological  Survey, 
extracted  from  an  average  sj)ecimen  of  this  granite,  by  means  of  hot 
dilute  acetic  acid,  0.04  per  cent  of  CaO  (lime),  wliich  indicates  the 
presence  of  0.07  per  cent  of  CaC().,  (lime  carbonate),  or  calcite.  This 
lime  is,  of  course,  irrespective  of  that  combined  with  silica  in  the 
oligoclase  feldspar  and  epidote. 

The  stone  takes  a  fair  polish,  but  the  mica  particles  are  sufficiently 
large  to  detract  from  the  (hirability  of  the  polish  in  ])rol()n<re(l  outdoor 
exposure. 

The  quarry,  opened  in  1905,  measures  about  250  by  200  feet  and 
up  to  30  feet  in  depth. 

A  flow  structure,  shown  by  biotitic  streaks,  strikes  N.  40°  W.,  and 
dips  50°  northeast.  The  sheets,  from  5  to  12  feet  thick,  are  horizontal 
in  irregular  undulations.     Joints  A  strike  N.  40°  W.,  dip  00°,  and  are 


90  COMMERCIAL  GRANITES  OF   MASS.,  N. 

spaced  3  to  10  feet.  Joints  B  strike  N.  15°  E.,  dip  75°  E.,  and  recur 
at  an  interval  of  8  and  one  of  50  feet.  The  rift  is  reported  as  hori- 
zontal, and  the  grain  as  vertical  with  an  east-west  course. 

The  description  of  the  plant  connected  with  this  quarry,  of  the 
plant  of  the  Carroll  quarry,  and  of  the  cutting  shed  for  both  was 
given  under  Carroll  quarry  on  page  88. 

Transportation  from  both  of  these  quarries  is  effected  by  tracks 
-to  sidings  of  the  New  York,  New  Haven  and  Hartford  Railroad. 
These  tracks  are  3,750  feet  long. 

Specimen  structures :  Pedestal  of  General  Devens  statue  at  Worces- 
ter, Mass.  In  1906  the  company  was  filling  a  contract  for  the  power 
service  plant  of  the  Pennsylvania  Railroad  in  New  York  with  stone 
from  this  and  the  Carroll  quarry. 

The  Webb  Pink  Granite  Company,  besides  the  two  quarries  de- 
scribed, has  several  other  openings  or  prospects  on  the  same  property. 

QUINCY. 

Topography. — There  is  a  conspicuous  range  of  low  hills  south  of 
Boston,  known  as  the  Blue  Hills,  which  curves  from  a  point  (Great 
Blue  Hill)  11  miles  south-southwest  of  the  city  to  a  point  (Forbes 
Hill)  7i  miles  south-southeast  of  it,  and  whose  tops  lie  between  the 
180  and  640  foot  levels.     See  Boston  and  Dedham  topographic  sheets 
of  the  United  States  Geological  Survey.     The  Quincy  granite  district 
lies  at  about  the  northeastern  end  of  this  range,  in  the  townships  of 
Quincy  and   Milton  of  Norfolk  County.     Some  of  the  quarries  are 
on  the  North  Commons  from  about  one-half  mile  west-southwest  to 
a  mile  west  of  Quincy  Center,  others  are  in  West  Quincy  from  1  h  to  2 
miles  about  west-southwest  of  the  Center,  and  2  are  in  Milton  some 
3  miles  west  of  the  Center.     Quarry  locations  are  shown  on  (her^ 
map,  PI.  II.     The  reader  will  find  some  interesting  historical  ntaltec^: 
on  the  Quincy  quarries  in  a  chapter  on  the  early  history  of  the  granites 
industry  in  New  England  by  George  P.  Merrill.*' 

General  geology. — The  geology  of  the  vicinity  of  Quincy  and  Bosto^r^ 
is  very  complex  and  difficult,  and  has  long  been  under  invest igatio^w^: 
and  discussion   by  several  resident  and  other  geologists.**     As  tl»^ 
results  of  these  investigations  have  not  yet  been  published  in  fino/ 
form  the  following  outline  of  the  salient  geological  features  must  b^ 
rejjjarded  as  only  provisional.     The  granite  of  Quincy  was  part  of  n 
groat   dooply   buried   mass   of   molten   granitic   material    of   variuib 

"  R(>pt.  iSinithsonian  Institution.  ls>N.'>-t),  pt.  2.  pp.  28.')-28vS. 

^Crosl)y,  W.  ().,  (Icnctic  and  structural  n>lations  of  the  ipiioous  rocks  of  tho  Lowjt  Nop<^»nA't  Va!- 
loy:  Mass.  Am.  (Icol.,  .luly-.Vugust.  15)0.k  j)p.  ;i9-41;  KnuTson  and  Perry,  The  groon  schists  an<l  as><^- 
ciatod  granites  and  i'')ri)hyries  of  Rhode  Island:  Hull.  l".  S.  CJeol.  Survey  No.  311,  19<)7,  Quincy  frrai,- 
itic  group,  p.  .'.1:  Professor  Crosby's  forthcoming  Part  IV.  Boston  Basin  Series  (Bost.  Soc.  Nat.  \\\<X.  . 
will  contain  Prof.  Florence  Bascom's  complete  work  on  both  tho  volcanics  anH  plutonics  of  tho  lk>ston 
basin:  MansfK'ld,  (J.  K.,  Tho  origin  and  struct un'  of  the  Uoxbury  conglomerate:  Bull.  Mus.  ('oi!i\>. 
Zoo).  Harvard  Coll.  (Geol.  Sor.,  VllI,  4;  vol.  4l>.  iyo«i.  General  summary,  pp.  259,  260,  also  p.  Ibl,  map. 
pi.  7,  section  pi.  ft. 
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kinds,  which  was  intruded  into  a  considerable  mass  of  overlying 
slates,  etc.,  of  Cambrian  and  possibly  of  later  age,  which  in  places 
were  entirely  removed  by  subsequent  erosion.  That  these  slates 
were  originally  marine  clayey  sediments  is  shown  by  the  presence  of 
fossil  crustaceans  in  some  of  them  in  the  towoi  of  Braintree.  After 
a  long  interval  a  large  part  of  the  region  became  again  submerged 
during  the  Carboniferous  period,  and  the  advancing  sea  either  depos- 
ited a  conglomerate  or  covered  a  torrential  one  containing  pebbles 
from  the  exposed  igneous  and  sedimentary  rocks  of  Cambrian  or 
post-Cambrian  time.  The  granite  pebbles  of  the  conglomerate  area 
which  adjoins  the  Blue  Hills  on  the  north  are  not  Quincy  granite, 
but  contain  pink  and  green  feldspars  like  the  granite  of  Dedham  and 
Randolph." 

This  submergence  continued  until  the  conglomerate  was  overlaid 
by  a  considerable  accumulation  of  clayey  sediments.     During  the 
post-Carboniferous  crustal  movement,  wliich  affected  a  large  part  of 
the  continent,  these  clays  became  slate  and  were  powerfully  folded; 
lasic  dikes  were  also  intruded  into  the  granite  and  the  overlying 
leds.     The  corrugation  and  elevation  of  the  surface  in  post-Carbon- 
iferous time  exposed  the  Carboniferous  beds  to  erosion,  so  that  por- 
tions of  the  granite  surface  which  had  been  covered  by  them  again 
l)ecame  exposed.     In  Triassic  time  more  basic  dikes  forced  their  way 
through  fissures  in  the  granite.     Events  in  this  region  were  further 
complicated  by  the  occurrence  of  eruptions  of  ver>"  siliceous  rocks  at 
"Various  points  and  times.     It  should  also   be   borne  in  mind  that 
iilthough  the  granitic  material  was  intnided  into  what  appear  to  be 
Cambrian  beds,  there  is  some  uncertainty  as  to  when,  between  Cam- 
Irian  and  Carboniferous  time,  the  intrusion  took  place.     In  this  con- 
nection attention  might  be  directed  to  the  j)ossil)ility  that  a  granitic 
intrusion  in  Cambrian  rocks  ii(^ay  point  to  more  than  a  local  cnistal 
movement  toward  the  close  of  Cambrian  timo.^ 

Description  of  Quincy  granite. — The  following  epitomizes  the  writer's 
descriptions  of  rough  and  polished  specimens  and  thin  sections  of 
granite  from  all  the  quarries  as  giv(»n  farther  on.  The  more  recent 
scientific  accounts  of  this  granite  are  by  Wadsworth,  Merrill,  White, 
and  Washington.* 

Quincy  granite  is  a  riebeckite-a'*ririt('  jjjranite,  riebeckite  and  irgirite 
l)eing  varieties  of  homblench*  and  tiuirite,  respectively,  both  lich  in 

«See  Mansfield,  op.  dt. 

*8ee  Dftle,  T.  N..  The  gPol<%r  of  lh«'  north  <*ii'l  of  Wu-  'I'.iit»rii<'  riuip-:  Am.  .Uuir.  Sii.  .4.-  vol.  I7.  p. 
IKS.  1904.  ftlao  Geology  of  Hudson  VmIIi'V  U-tw*-*-!]  tin-  lio^t-ic  mvi  th<-  Kin'l-rliook:  Hull.  r.  S.  <;'oi. 
8um*y  No.  342, 1904.  pp.  47, 53.  .V). 

cWadtwortby  IL  E.,  Notes  on  thf*  pctmj^niphy  r»f  (^uiiKv  an<l  I{o(k|^>rt:  I'roi-.  no>.t.  Sric.  N'.it. 
Hist.,  voL  19, 1881,  pp.  300-316:  Merrill,  ^'..  I'..  Th"  r-oll<-(tion  ••(  l.iii]<liri;;  ;in'l  iirnariH  iital  <ii,iv^  in  tli<- 
rnited  SUtes  National  Museum:  Ropt.  Smiths<miiin  Institution.  Isn-'.-C.  pt.  2.  i>i>.  nr.t.  41"^.  Whit- 
T.  G.,  A  contribution  to  the  petrography  of  th**  Boston  IJ.isin:  I'T'h:.  Bost.  <<h:  N'jif.  Hist.,  vol,  js. 
1897,  pp.  I38-1S2;  Waabington,  H.  S.,  SolvHlxTgitrt  un«I  tinKHitit'.*  from  Ess<-x  County:  Mass.  Am.  Jour. 
M.  (4).  TOL  6, 1888,  p.  181. 
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soda  (8  to  10  per  cent)  and  in  iron  sesquioxide  (about  28  per  cent) 
but  poor  in  alumina,  magnesia,  and  lime.  The  general  color  of  the 
fresh  normal  granite  ranges  from  a  medium  gray  or  bluish  or  greenish 
or  purplish  gray  to  a  very  dark  bluish  gray,  all  with  black  spots 
which,  on  closer  inspection,  are  blue-black  or  green-black  or  a  mix- 
ture of  both. 

Its  texture  is  medium  to  coarse  and  even  grained,  with  feldspars 
up  to  0.4  and  0.5  inch,  and  the  black  silicates  up  to  0.3  and  0.4  inch. 

Its  constituents,  in  descending  order  of  abundance,  are:  (1)  A 
medium  to  dark  bluish  or  greenish-bluish  gray  feldspar  (orthoclase, 
much  of  it  twinned)  always  with  minutely  intergrown  soda-lime  feld- 
spar (albite  to  oligoclase-albite).  It  is  apparently  more  or  less  dark- 
ened by  a  varying  number  of  extremely  minute  particles  of  a  black 
mineral,  which  are  not  absolutely  distinguishable  from  opaque  parti- 
cles of  kaolin,  and  is  always  slightly  epidotized  by  minute  particles 
of  grass-green  epidote,  and  whitened  by  partial  kaolinization  or  black 
streaked  by  clusters  of  radiating  fibrous  crystals  of  dark  brown  horn- 
blende. The  fresh  feldspar  always  contains  crystals  of  blue-brownish 
riebeckite  from  0.01  to  1.0  millimeter  long  by  up  to  0.01  millimeter  in 
width.  These  crystals,  and  also  the  epidote,  are  in  many  specimens 
arranged  in  two  rectangular  directions,  one  that  of  the  twinning  plane, 
the  other  that  of  the  intergrown  soda-lime  feldspar.  In  some  sec- 
tions (p.  107)  the  feldspars  were  found  crossed  by  rift  and  grain  cracks 
filled  or  overlain  by  minute  crystals  of  riebeckite,  thus  evidently  of 
secondary  origin  like  those  on  joint  planes  described  on  page  60. 
(2)  Medium  to  dark  smoky  quartz,  some  of  it  with  a  slight  bluish 
tinge.  It  contains  cavities  (many  with  liquid  and  movable  vacuoles) 
arranged  in  streaks  and  sheets  and  measuring  from  0.0028  to  0.02 
millimeter  in  length.  This  quartz  also  incloses  minute  black  parti- 
cles, and  in  places  hairlike  crystals,  presumably  of  rutile,  more  rarely 
minute  crystals  of  riebeckite,  one  measuring  0.178  by  0.0047  milli- 
meter. (3)  A  little  lime-soda  feldspar  (albite  to  oligoclase-albite). 
(4)  Riebeckite  (blue-black  in  hand  specimen,  but  Prussian  blue  and 
brownish  gray  in  thin  section)  and  a^girite  (green-black  in  hand  si>eci- 
men,  but  light  green  to  emerald  green  in  thin  section),  both  minerals 
being  in  many  specimens  intergrown.  The  segirite  may  surround 
riebeckite  or  these  relations  may  be  reversed.  In  some  specimens 
riobockite  in  slender  crystals  appears  like  a  secondary  growth  on 
ji'<:^irito.  The  iP^irite  in  others  appears  as  filling  spaces  between  the 
other  minerals.  Basal  sections  of  it  appear  as  if  corroded.  All  of 
(he  riebeckite  can  not  be  secondarv,  because  it  appears  in  minute 
crystals  within  the  quartz  and  forms  the  center  of  large  crystals  of 
a'Lririt(\  Xor  can  all  the  a'^irite  he  secondary,  because  crystals  of  it 
also  occur  within  (juartz  ])articles  and  also  surrounded  by  radiating 
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crystak  of  riebeckite.  (See  page  110.")  The  aegirite  is  apt  to  con- 
tain particles  of  magnetite  and  carbonate. 

The  accessory  minerals  are:  Ilmenite,  magnetite  (probably),  pyrite 
(very  rare),  zircon  in  doubly  terminated  crystals,  fluorite,  titanite, 
and  the  minute  black  particles  in  quartz.  The  secondary  minerals 
are:  Kaolin,  epidote,  yellow-bro>\Ti  to  orange  hornblende  in  fibrous 
crystals,  chlorite,  calcite,  leucoxene,  hematite,  limonite  (associated 
with  zircon  and  aegirite),  and  part  of  the  riebeckite.  One  of  tlie 
altered  granites  (Sartori  quarry)  contains  spherulites  which  polarize 
like  zircon. 

Estimates  of  the  mineral  percentages  by  the  Rosiwal  method  yield 
the  following  figures  for  the  "medium/*  ^Mark,*'  and  '* extra  dark:'* 

Estimated  mineral  -percentages  in  Quincy  granite,  extremes  and  average;!. 

Avoragf. 

Feldspare,  55.80  to  69.51 (».02 

Quartz,  22.06  to  33.74 30.  60 

Riebeckite  and  aegirite,  7.47  to  1 1.10 9.  37 

Of  course  the  microscopic  particles  of  the  soda-iron  silicates  are  not 
included  in  these  figures. 

The  following  analysis  of  Quincy  granite  was  ])ublislied  by  Henry 
S.  Washington  in  1898:^ 

Analysis  of  riebeckite-agirite  granite  from  the  Ilardwick  quarry,  Quincy,  Mass. 

SiOa  (silica) 73.  93 

Ti02  (titanium  dioxide) 18 

Xlfli  (alumina) 12.  29 

^©2^3  (™^  sesquioxidc) 2.  91 

FeO  (iron  oxide) 1.  55 

MnO  (manganese  oxide) Trace. 

MgO  (magnesia) 04 

CaO(Iime) 31 

NajO  (soda) 4.  (iO 

KjO  (potash) 4.  63 

HjO  (water  above  110°) 41 

100.  91 
Spec-itic  gravity  2.VA'2  at  22°  ( *. 

Messrs.  E.  C.  Sullivan  and  (f.  Stoi<^er,  cluMuists,  of  the  United  States 
Geological  Survey,  extracted  l)y  moans  of  hot  dihito  accMic  acid  per- 

a  For  analyses  and  optical  feutim'S  of  riobivkito  and  a>giriti'  sec  Hosonbiisch,  11. ,  Mikroskopi.scho 
Phyaiog.  d.  Ifin.  u.  Gesteinc,  4th  rd.,  I0(»."),  vol.  l,  pt.  2,  pp.  LM3.  'J44:  for  discussion  as  to  thoir  <»rij?in 
see  Maigod,  Q.  M.,  On  the  genesis  of  rirbookito  and  riPlxK-kitr  nn-ks:  Am.  Jour.  St'i.  (4)  vol.  20,  190."», 
pp.  13^145;  and  Cross,  VV.,  on  sonio  S4'Con«lary  minerals  of  the  anjphib«)l«'  and  pyro.xcnc  group:  Am. 
Joar.  8d.  (3),  voL39, 1890,  pp.  iW-.^ru.  Mnr^ooi  (op.  <-it.,  i>.  I3^)  sums  up  the  views  ontheonginof 
these  two  minerals  thus:  "Some  petn)logists  haveconsidenMl  the  a-girite  as  a  transfonnation  prodiiet 
of  riebeckite,  and  others  have  taken  the  rielxK-kite  for  a  swondary  prodiiet  of  fogirite.  Most  pet  n»I«)- 
gists  state,  however,  that  riebi'ckite  and  jpgiritr  are  primarj-  in  their  rocks."  On  the  next  page  in  a 
footnote  he  adds:  "The  best  argimiont  for  the  prirnurj-  existence  of  t  he  H-girite  is  its  occurrence  in  the 
same  rock,  with  little  thin  needles  of  riebt'ckite.  which  coiiM  not  n-sist  even  the  8l(»west  and  sll\r,tvU»«v. 
action  of  transformation." 

t  See  Am*  Jour.  SoL,  4th  aet.,  vol.  6,  isas,  p.  181;  also  Jour.  GcoV.,  voV.  vi,  \.«»s,  \>."i^. 
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centages  ranging  from  0.11  to  0.28  per  cent  of  CaO  Qinie)  from  speci- 
mens from  four  quarries  in  Quincy  and  Milton.  This  lime  indicates 
the  presence  of  from  0.196  to  0.50  per  cent  of  CaCOg  (lime  carbonate) 
or  calcite. 

Quincy  granite  for  monumental  purposes  goes  under  the  names  of 
^^medium,"  *^dark,''  and  *^extra  dark.'^  The  estimated  mineral  per- 
centages show  that  these  differences  in  shade  are  due  in  part  to  a 
variation  in  the  amounts  of  the  black  silicates  and  of  the  smoky 
quartz.  In  part  they  are  also  due  to  a  variation  in  the  degree  of 
kaolinization  of  the  feldspars  and  in  the  abundance  of  black  particles 
and  of  hornblende  in  them.  The  smokiness  of  the  quartz  appears 
to  be  due  to  infinitesimal  particles  of  some  black  mineral.  The  bluish 
tint  of  the  feldspars  is  due  to  microscopic  crystals  of  riebeckite  and 
its  greenish  hue  to  minute  epidotes.  The  contrast  of  shade  is  chiefly 
between  the  black  silicates  and  the  combined  quartz  and  feldspar 
except  where  the  feldspar  is  whitened  by  kaolinization,  which  causes 
it  to  stand  out  from  the  quartz.  *^ Light  Quincy  granite/'  which  is 
of  medium-gray  shade,  is  considered  second  grade  and  sells  for  rock 
face  and  hammered  work. 

Quincy  granite  is  noted  for  its  high  polish,  which  comes  out  strik- 
ingly on  columns  and  balls,  as  shown  in  PI.  IV.  This  susceptibility 
to  high  polish  is  due  to  the  absence  of  mica  and  to  the  coarser  cleav- 
age of  the  varieties  of  hornblende  and  augite  which  take  its  place. 
The  imperfections  which  occur  in  the  polish  of  some  blocks  are  due 
to  particles  of  a^girite  partially  altered  before  quarrying.     (See  p.  55.) 

A  peculiar  variety  of  Quincy  granite,  known  as  '^Gold  leaf,'* 
described  on  page  115,  is  the  lightest  monumental  stone  quarried  there. 
Its  general  color  is  medium  bluish-green  gray,  speckled  with  black 
and  light  yellow  brown.  The  quartz,  clear  to  light  smoky,  is  finely 
granular,  like  that  of  Milford,  Mass.,  and  sparkles  on  the  polished  face. 
Wherever  the  yellow  spots,  which  are  caused  by  limonite  stain,  coin- 
cide with  the  granular  quartz,  they  are  more  conspicuous.  In  other 
respe(5ts  its  constituents  are  identical  with  those  of  the  riebeckite- 
segirite  granite  of  Quincy.  A  minor  variety  is  that  of  the  Ballou 
quarry,  which  has  sparsely  disseminated  minute  cherry-red  dots, 
probably  from  the  oxidation  of  magnetite  particles. 

Other  and  cheaper  varieties  of  Quincy  granite  are  suitable  only  for 
building  purposes.  Such  are  the  "extra  lighf  (pea-green),  the  pink, 
and  the  greenish  brown,  described  on  pages  112,  114, 120.  The  "orei" 
(hematitic)  fmds  its  way  to  the  dumps.  These  various  colors  are  due 
to  changes  in  the  feldspars  or  irgirite,  brought  about  by  underground 
alterations  which  have  been  long  in  process.  (See  further  p.  55.)  The 
yellow,  rusty  discoloration  (sap)  referred  to  on  page  35  is  of  still  later 
date,  affecting  the  stone  for  a  few  inches  only  along  the  sheet  and 
yoint  surfaces. 
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Geology  of  Quincy  quarries, — The  cylindrical  pegmatite  dike  with 
large  fegirite  crystals  at  the  Ballou  quarry,  first  studied  by  Prof.  C. 
Palache,  has  already  been  described  on  page  49.  Quartz  veins  up  to 
an  inch  thick,  probably  of  pegmatitic  origin,  and  giving  rise  to  sub- 
joints  and  zones  of  lighter  color,  occur  at  several  quarries  and  are 
described  on  page  48  and  illustrated  in  PI.  Ill,  B.  Some  of  these 
veins  contain  ilmenite  and  a  carbonate  besides  a  little  fluorite.  Some 
minute  ones  (0.04  to  0.1  inch  wide)  are  also  apt  to  contain  fluorite  and 
calcit^. 

At  the  Granite  Railway  quarry  in  West  Quincy  there  is  a  15-foot 
diabase  dike  striking  about  N.  75°  W.  in  which  the  feldspar  is  altered 
to  a  white  mica,  ft  has  a  greenish  rim,  in  which  the  augite  is  all 
chloritized.  At  the  Merry  Mount  quarry  on  the  North  Commons  a 
5-foot  dike,  striking  about  north,  appears  to  be  a  garnetiferous  biotite 
lamprophyre.  At  the  Djerf  &  Winquist  quarry,  near  the  last,  two 
basic  dikes  strike  about  east,  and  another  occurs  near  the  Dell  Hitch- 
cock quarry,  but  these  were  not  microscopically  studied. 

The  segregations  (knots)  are  of  three  kinds:  (1)  Very  fine-grained 
aplitic,  dark  bluLsh  gray  with  a  matrix  of  potash  feldspar,  quartz, 
and  more  or  less  soda-lime  feldspar  (albite  to  oligoclase-albite),  with 
particles  from  0.025  to  0.3  millimeter,  containing  porphyritic  crystals 
of  aegirite  (with  some  riebeckite)  uj)  to  0.84  by  0.09  millimeter,  which 
appear  as  if  corroded.  Zircon,  magnetite,  orilmenite,  and  abundant 
apatite  occur  as  accessories.  There  are  also  minute  crystals  of 
riebeckite   and   titanite,   with    secondarj^   limonite   and    carbonate. 

(2)  Medium-grained  and  medium  gray,  lighter  or  of  same  shade  as 
the  inclosing 'granite.  These  are  identical  with  the  granite,  but  the 
orthoclase  tends  to  complete  its  crystals.  One  such  knot  contains 
a  complete  section  of  an  aegirite  cr^^stal  in  the  center  of  a  quartz  area 
many  times  its  size.  Another  has  second ar^"  orange  fibrous  horn- 
blende   growing    on    a^giiite.     Zircon    and    fluorite    are    accessor^'. 

(3)  Some  muddy  yellow  to  greenish  knots  consist  of  potash  feldspar 
(orthoclase)  minutely  intergrown  with  soda-lime  feldspar,  in  t\^ins 
from  0.2  to  1.0  millimeter  long,  and  (piartz,  with  a^girite  and 
riebeckite,  which  usually  appear  to  fill  spaces  between  the  other 
minerals.  The  soda-silicates  are  more  or  loss  altered  to  fibrous 
muscovite  and  carbonate;  the  feldspars  are  also  streaked  with  white 
mica  and  contain  secondaiy  epidoto.  Tlio  usual  magnetite,  apatite, 
and  riebeckite  are  present. 

The  dimensions  of  the  large  knots  given  in  the  quariy  descriptions 
were  obtained  from  the  foremen.  It  is  assumed  that  they  are 
segregations,  not  inclusions.  The  sizes  range  from  half  an  inch  to 
2  feet  by  1  foot  6  inches,  2  feet  6  inches  by  2  feet  6  inches,  3  feet  by  4 
inches,  and  6  feet  by  2  feet.  They  are  usually  small  and  ro\i\iA\sfcL  ort 
elliptical. 
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Rift  in  the  Quincy  quarries  is  reported  as  generally  vertical  or 
neariy  so  with  a  course  from  N.  65°  W.  to  due  west,  and  the  grain  as 
vertical  or  nearly  so  and  about  north  to  south.  The  grain  is  generally 
feeble.  Rift  courses  of  N.,  N.  10°  E.,  and  N.  30°  W.  are  reported  at 
a  few  quarries,  and  at  three  the  grain  is  reported  as  horizontal.  At  the 
Swingle  quarry,  which  is  crossed  by  a  diagonal  heading  striking  north, 
the  rift  is  reported  to  be  north-south  on  the  west  side  of  that  heading 
but  as  east-west  on  its  east  side.  The  angle  of  inclination  of  both 
rift  and  grain  is  reported  as  subject  to  modifications,  some  of  which 
are  ])robably  only  local ;  others  are  due  to  general  physical  principles. 
At  the  Reinhalter  quarry  the  rift  is  vertical  below  but  not  quite 
vertical  near  the  surface.  Mr.  Cashman  states  that  in  his  quarry 
the  grain  is  90°  when  the  sheet  is  split  from  the  top,  but  if  split  from 
the  side  it  is  steeply  inclined.  Mr.  Galvin  reports  that  the  grain  is 
horizontal  when  the  drilling  is  done  from  east  to  west,  but  dips  20° 
when  it  is  done  from  north  to  south.  The  degree  of  dip  of  rift  and 
grain  is  affected  by  gravity;  that  is,  it  is  proportioned  to  the  heft  of 
the  block  on  one  side  or  the  other  of  the  fracture.  Two.  foremen  find 
that  when  the  sheets  are  inclined  the  dip  of  the  rift  swerves  from 
the  vertical.  At  the  Field  &  Wild  quarry  nft  and  grain  are  reported 
as  varying  greatly  in  different  blocks.  The  subject  of  rift  will  be 
found  more  fully  discussed  on  page  19,  and  its  apparent  relation  to 
the  sheets  of  fluidal  cavities  is  explained  on  page  42. 

The  crushing  of  cores  between  drill  holes  made  in  channeling 
shows  that  the  Quincy  granite  mass  is  now  under  compressive  strains 
from  the  north  and  south  and  the  east  and  west.  This  strain  in 
some  quarries  appears  to  increase  with  their  depth.  At  one  quarry 
not  only  are  north-south  channels  closed  by  it,  but  diagonal  subjoints 
are  started  from  the  channel. 

Sheet  structure  in  Quincy  is  regular  in  places,  as  at  the  Dell 
Hitchcock  quarry-  (PI.  Ill,  A)y  where  it  consists  of  lenses  with  an 
undulating  course  usually  parallel  to  the  rock  surface,  and  increasing 
in  thickness  downward.  But  it  is  oftener  obscure  and  irregular 
owing  to  the  shortening  and  tluckening  of  the  lenses,  which  results 
in  ''bowlder  quarries.''  Sheet  structure  extends  to  a  depth  of  150 
feet  from  the  rock  surface  at  the  Ballou  quarry  on  the  North  Commons 
and  to  a  depth  of  175  feet  in  the  Reinhalter  quarry  in  West  Quincy. 
The  inclination  of  the  slieets  is  in  places  as  liigh  as  45°,  and  their 
thickness  ranges  from  6  indies  to  27  feet.  They  are  rarely  inter- 
socted  by  sharj)  curving  joints  or  })artings  known  as  ^'toe  nails." 
The  origin  of  sheet  structure  will  be  found  somewhat  fully  discussed 
on  pages  22,  29.  In  quarrying  it  is  safe  to  count  on  a  gradual  increase 
in  the  thickness  of  the  sheets  (h)wnwar(l.  If  for  a  space  thin  sheets 
r(Mur  they  may  l)e  expected  to  give  way  to  thicker  ones  below.  The 
quarry  adjacent  to   the  Uell  Hitchcock  is  reported  to  have  been 
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abandoned  because  of  the  appearance  of  tliin  sheets  below  and  the 
assumption  that  they  would  not  be  succeeded  by  thicker  ones. 
At  the  Reinhalter  quarry,  which  in  1906  was  225  feet  deep,  the 
lowest  mass,  already  45  feet  thick,  had  not  then  been  penetrated. 

The  general  character  of  the  jointing  can  be  inferred  from  the 
quarry  diagrams,  figs.  9-12.  The  principal  joint  systems  are:  (A) 
That  striking  N.  60''  to  85''  W.  to  N.  83°  E.,  and  its  complementary 
set  (B),  N.  to  N.  20^^  E.;  then  a  single  set  (C),  striking  N.  lO''  to  30"" 
W.,  and  lastly  one  (D)  striking  N.  25^*  to  55^*  W.,  with  its  comple- 
mentary set  (E)  striking  N.  45°  to  50°  W.  A  noticeable  feature  in 
some  of  the  deeper  quarries  is  the  vertical  discontinuity  of  the 
headings.  Some  of  the  bottom  ones  disappear  upward  within  100 
feet  of  the  surface;  others  again  which  occur  at  the  surface  dis- 
appear below.  Some  of  the  joints  are  also  intermittent.  The 
possibility  of  a  bad  heading  dying  out  below  is  as  encouraging  to 
the  quarryman  as  the  possibility  of  the  appearance  of  a  new  one 
below  is  discouraging.  This  discontinuity  in  the  joints  and  headings 
reflects  the  complex  character  of  the  stresses  to  which  the  region  was 
exposed. 

The  remarkable  black  joint  coatings  of  riebeckite  have  been 
described  on  page  60.  At  one  of  the  Milton  quarries  tliis  appears 
on  the  sheet  surfaces  also,  and  the  adjacent  granite  is  lighter  in 
shade. 

From  these  summaries  on  the  granite  and  on  its  geology  as  exposed 
at  the  quarries  the  following  inferences  may  be  drawn :  The  riebeckite- 
aagirite  granite  of  Quincy  had  segirite  as  one  of  its  original  constituents 
and  riebeckite  as  another,  but  some  of  its  riebeckite  is  clearly  secondary, 
as  shown  by  its  occurrence  in  rift  cracks  and  on  sheet  and  joint  faces. 
The  formation  of  this  mineral  on  these  faces  indicates  that  the 
granite  after  acquiring  its  sheet  and  joint  stiiicture  was  subjected  to 
metamorphism,  probably  that  which  accompanied  the  post-Carbonif- 
erous crustal  movement.  The  source  of  this  secondary  riebeckite 
may  well  have  been  the  a^girite  itself.  The  hematite-spotted  granite 
("orei")>  the  pink  granite,  and  the  greenish-brown  granite  (described 
on  pages  54,  55),  while  evidently  due  to  the  alteration  of  the  a^girite 
particles  to  magnetite,  hematite,  green  hornblende,  biotite,  and 
chlorite,  owe  these  mineral  changes  partly  to  processes  of  deep-seated 
alteration  and  partly  to  regional  inetamori)hism,  and  the  pea-green 
variety  is  due  to  deep-seated  cpidotization  of  its  feldspars,  wliich 
may  have  involved  access  of  calcareous  and  ferruginous  waters.  The 
latest  change  was  the  brownish  iron  staining  along  sheet  and  joint 
surfaces,  which  is  attributable  to  percolating  surface  water  oxidizing 
the  magnetite,  and  soda-iron  silicates  and  possibly  also  adding  fresh 
supplies  of  iron  sesquioxide  obtained  from  deposits  once  overlying 
the  granite. 

6018»— Bull.  354—08 7 
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The  Quincy  quarries. —  TJie  Dell  Hitchcock  quarry  is  on  the  North 
Commons,  south  of  Quarry  street.  (See  map,  PL  II,  No.  13.) 
Operator,  The  Quincy  Quarries  Company,  Quincy,  Mass. 

The  granite  (specimen,  D,  XXVIII,  67,  d),  "dark  Quincy,''  is  a 
riebeckite-segirite  granite  of  somewhat  dark  and  slightly  bluish-gray 
color  with  black  spots.  Its  texture  is  medium  to  coarse,  even 
grained,  with  feldspar  up  to  0.5  inch,  and  black  silicates  usually  not 
over  0.3,  but  occasionally  0.5  inch.  Its  constituents,  in  descending 
order  of  abundance,  are:  A  medium  bluish  and  greenish  gray  potash 
feldspar  (orthoclase,  usually  twinned)  minutely  intergrown  with 
soda-lime  feldspar,  and  inclosing  minute  crystals  of  riebeckite  and 
particles  of  epidote,  and  in  places  somewhat  kaolinized;  smoky 
quartz  with  cavities  (some  with  liquid  and  vacuoles),  and  black 
particles  in  streaks  or  sheets;  a  little  separate  soda-lime  feldspar 
(albite  to  oligoclase-albite) ;  segirite,  much  of  it  intergrown  with 
riebeckite.  The  accessory  minerals  are:  Magnetite,  zircon,  and 
fluorite.  The  secondary:  Kaolin,  calcite,  epidote,  and  brown  fibrous 
hornblende  and  chlorite  in  rift  cracks  in  feldspar. 

The  contrast  in  the  rough  stone  is  entirely  between  the  black 
silicates  and  the  combined  quartz  and  feldspar. 

A  specimen  (D,  XXVIII,  67,  c)  of  the  ''light  Quincy"  is  more 
of  a  medium  gray  with  a  slight  greenish  tinge.  Its  general  com- 
position is  the  same  as  the  "dark  Quincy"  with  probably  more 
kaolin  and  epidote  in  the  feldspars.     The  contrasts  are  more  marked. 

The  quarry,  opened  before  1826,  is  about  500  feet  N.  25°  E.  by 
500  feet  N.  65°  W.  and  100  feet  deep.     (See  PL  III,  A.) 

The  sheets,  from  6  inches  to  12  feet  thick,  are  lenticular,  undulating 
horizontal.  As  shown  in  the  plate  the  upper  30  feet  consists  of  very 
thin  sheets  which,  owing  to  their  thinness  and  rustiness,  are  valueless. 
Joints  A  strike  N.  70°  W.,  dip  90°,  and  are  spaced  irregularly,  but 
never  completely  cross  the  quarry.  A  set  with  similar  strike,  but 
dipping  30°-35°  north-northeast,  is  represented  by  two  or  three 
at  the  north  end,  and  two  on  the  east  wall  near  the  south  end. 
Joints  C  strike  N.  20°  W.,  dip  90°,  and  are  spaced  14  to  30  and  400 
feet.  At  the  bottom  there  are  short  intermittent  joints  dipping 
east  and  in  other  directions,  which  are  coated  with  riebeckite  and 
thus  have  blue-black  surfaces.  (See  further  on  p.  60.)  The  rift  is 
reported  as  vertical  witli  a  N.  65°  W.  course,  and  the  feeble  grain  as 
at  light  angles  to  it  and  vertical.  A  dark  bluish-gray  knot  (67,  e) 
contains  i)orphyritic  crystals  of  aegirite,  as  described  under  group  1 
on  page  95.  There  are  also  some  of  group  3.  The  boundaries 
between  the  '^ light''  and  'Slark"  granite  are  not  well  defined. 
Rusty  discoloration  is  from  2  to  IS  inches  thick.  Where  it  is  only 
2  inclios  the  feldspar  is  usually  slightly  greenish  for  several  inches 
back. 
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The  plant  consists  of  3  derricks,  3  hoisting  engines,  1  ''  tag  engine,'' 
an  air  compressor  (capacity  313  cubic  feet  of  air  per  minute),  4  steam 
drills,  1 1  air-plug  drills,  and  2  steam  pumps. 

Transportation  involves  a  cartage  of  three-fourtli  mile  to  railroad, 
and  averages  about  a  mile  to  local  cutting  sheds. 

Specimen:  Three  bases  and  die  of  the  Jeffei-sou  monument  at 
Louisville,  Ky. 

The  Merry  Mount  quarry  is  on  the  North  Commons,  north  of  Quariy 
street.  (See  map,  PI.  II,  No.  14.)  Operator,  Merr^'  Mount  Granite 
Company,  Quincy,  Mass. 

The  granite  (specimen  D,  XXIX,  86,  a),  ''dark  medium  Quincy," 
is  a  riebeckite-segiritc  granite  of  somewhat  dark,  shghtly  purplish 
gray  color.  Its  shade  is  slightly  darker  than  that  of  67,  d.  The 
texture  is  medium  to  coarse,  even  grained,  witli  feldspar  up  to  0.5 
inch  and  black  silicates  up  to  0.3  inch.  Its  constituents,  in  descending 
order  of  abundance,  are:  A  medium  and  dark  or  slightly  greenish- 
gray  pK)tash  feldspar  (orthoclase, generally  twinned), always  minutely 
intergrown  with  soda-lime  feldspar  (albite  to  oligodase-albite),  in 
places  somewhat  kaolinized  and  inclosing  ricbeckite  crystals  up  to 
0.094  by  0.0094  millimeter  and  particles  of  epidote,  also  hematite 
stain;  smoky  quartz  with  streaks  or  sheets  of  cavities  and  minute 
black  particles;  a  little  separate  soda-lime  feldspar  (oligoclase- 
andesine);  blue-black  riebeckite  and  green-black  a^girite,  either 
separate  or  intergrown.  The  accessory  minerals  are :  Zircon  (abund- 
ant in  crystals  up  to  0.47  millimeter)  and  fluorite.  Secondar>^: 
Kaolin,  epidote,  limonite,  and  hematite. 

The  purplish  tinge  of  this  granite  is  evidently  due  to  hematite  in 
the  feldspar.  The  contrast  in  the  rough  stone  is  entirely  between 
the  black  silicates  and  the  general  gray  of  the  quartz  and  feldspar. 

Mr.  E.  C.  Sullivan,  chemist,  of  the  United  States  Geological  Suivey, 
extracted  0.11  per  cent  of  CaO  (lime)  from  this  granite  by  means  of 
hot  dilute  acetic  acid,  which  indicates  the  presence  of  0.10  per  cent 
of  CaCOj  (lime  carbonate)  calcite.  The  presence  of  this  mineral  is 
also  shown  by  the  microscope. 

A  specimen  of  *' medium  Quincy"  (D,  XXIX,  86,  b)  is  a  trifle 
lighter  in  shade  and  has  a  slightly  greenish  tinge.  Its  texture  and 
constituents  are  the  same,  except  that  the  feldspar  borders  on  light- 
gray,  hematite  stain  is  absent,  and  a  ])article  of  ])yrite  appears.  The 
quartz  is  darker  than  much  of  the  f(»ldspar. 

The  quarry,  opened  in  1856,  measures  about  300  feet  north  to 
south  by  200  across  and  from  130  to  150  feet  in  depth. 

On  the  west  wall  is  a  5-foot  dike  of  lampropluTe,  described  on  p.  95, 
which  has  a  N.  10°  E.  strike.  The  sheets  are  lenticuhir  in  all  direc- 
tions and  mainly  horizontal,  ranging  from  1  to  16  feet  iu  tl\\<;V;\\v>^^. 
They  thicken  downward,  but  with  thin  sheets  al  mteT\^'$>Ao  ^  ^iv-^'Ow 
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of  40  feet.  Joints  B  strike  N.  10°  E.,  dip  90°,  or  steep  west,  are 
spaced  5  to  20  feet,  and  form  a  heading  near  the  dike.  One  diagonal 
joint  (D)  strikes  N.  50°  E.  and  dips  70°  northwest.  The  rift  is  reported 
as  striking  N.  10°  E.  and  vertically  or  steeply  west,  and  the  grain  as 
east  to  west,  dipping  steeply  north.  In  individual  blocks  the  rift  is 
considerably  affected  by  gravity.  Knots,  both  dark  and  light,  are 
from  1  to  6  inches  across,  but  some  are  reported  as  2  feet  6  inches  in 
two  diameters.  Rusty  discoloration  on  sheet  surfaces  is  from  1  to 
6  inches  thick. 

The  plant  consists  of  4  derricks,  2  hoisting  engines,  2  air  compres- 
sors (capacity  100  and  250  cubic  feet  of  air  per  minute),  2  steam  drills, 
14  air-plug  drills,  8  air  hand  tools,  and  a  steam  pump. 

Transportation  involves  cartage  of  a  mile  to  railroad  or  cutting 
shed. 

The  product  consists  chiefly  of  the  ''dark  medium."  Specimen: 
The  Barney  mausoleum  at  Springfield,  Mass. 

The  BaUou  quarry  is  on  the  North  Commons,  north  of  Quarry  street. 
(See  map,  PI.  II,  No.  15.)  Operator,  John  C.  Ballou,  6  Rogers  street. 
West  Quincy,  Mass. 

The  granite  (specimen  D,  XXIX,  80,  a),  ''dark  Quincy  with 
minute  red  dots,"  is  a  riebeckite-aegirite  granite  of  dark  slightly  pur- 
plish-gray color,  with  sparse  inconspicuous  reddish  stains.  Its  shade 
is  slightly  darker  than  that  of  86,  a  (Merry  Mount  "dark  medium")- 
Its  texture  is  medium  to  coarse,  even  grained,  with  feldspars  up  to 
0.5  inch  and  black  silicates  to  0.3  inch.  Its  constituents,  in  descend- 
ing order  of  abundance,  are:  A  dark-gray  potash  feldspar  (orthoclase 
twinned),  minutely  intergrown  with  soda-lime  feldspar,  in  places 
somewhat  kaolinized,  rarely  with  hematite  stain  along  its  cleavage 
planes,  and  inclosing  particles  of  epidote  and  crystals  of  riebeckite  up  to 
0.114  millimeter  long;  smoky  quartz  of  very  slight  bluish  tinge,  with 
abundant  cavities  up  to  0.0094  and  exceptionally  0.037  millimeter  in 
diameter,  in  streaks  or  sheets  intersecting  one  another  at  all  angles, 
and  with  very  minute  black  particles.  The  quartz  incloses  a  riebeck- 
ite crystal  0.178  by  0.0047  millimeter;  a  little  separate  soda-Ume 
feldspar  (albite  to  oligoclasc-albite) ;  and  finally  riebeckite,  some  of  it 
intergrown  with  segirite,  the  latter  containing  magnetite  and  carbon- 
ate. The  accessory  minerals  are:  Zircon  and  magnetite.  The  sec- 
ondary: Kaolin,  epidote,  liematite,  limonite  (about  the  zircon),  and 
calcite. 

Tlie  contrast  is  confined  to  that  between  the  black  silicates  and  the 
dark  ^ray  of  the  feldspar  and  quartz  \ntli  its  faint  reddish  spots. 

Mr.  Geor^j^e  Steiger,  chemist,  of  the  United  States  Geological  Survey, 

extracted  0.28  per  cent  of  CaO  (lime)  from  this  stone  by  means  of  hot 

diluto    acetic    acid,  which   indicates    a   content   of   0.5  per  cent  of 

CaC(\  (lime  carbonate)  ca\c\le,  \.W  ^le^exvo,^  ol  ^^V^dch  mineral  is  also 

showi)  by  the  microscope. 
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The  quarry,  opened  before  1856/  measures  about  200  feet  from 
north  to  south  by  100  feet  across,  but  with  a  recess  on  the  south  wall 
16  by  18  feet.     Its  depth  is  150  feet. 

An  interesting  cylindrical  pegmatite  dike,  a  section  of  wliich  is 
exposed  at  the  bottom  of  the  quarry,  has  been  described  on  page  49. 
The  sheets,  from  8  inches  to  20  feet  tliick,  increasing  in  thickness 
downward,  are  lenticular,  irregular,  dipping  both  north  and  south. 
The  sheet  structure  extends  at  least  to  a  depth  of  150  feet  from  the 
rock  surface,  below  which  there  is  no  parting  for  16  feet.  Joints  A 
strike  about  N.  80°  W.,  dip  70°  north,  are  spaced  3  to  30  feet,  form  a 
short  heading  in  about  the  center  and  one  on  the  northeast  side. 
Joints  B  strike  nearly  north,  dip  90°  and  steeply  we^t,  form  headings 
at  east  and  west  walls,  one,  100  feet  from  west  wall^  and  another  (30 
to  40  feet  wide)  75  feet  west  of  east  end.  Joints  C,  striking  N.  10° 
to  30°  W.,  form  a  heading  at  the  northwest  comer  of  the  quarry. 
The  rift  is  reported  as  about  north-south,  the  grain  as  east  to  west, 
both  vertir'al.  Discoloration  is  up  to  3  inches  wide  along  the  joint 
faces,  but  is  scarcely  present  on  sheet  surfaces. 

The  plant  consists  of  3  derricks,  2  hoisting  engines,  an  air  com- 
pressor (capacity  174  cubic  feet  of  air  per  minute),  3  steam  drills,  a 
surfacer,  6  air  plug  drills,  4  air  hand  tools,  and  2  steam  pumps. 

Transportation  involves  cartage  of  1  mih^  to  railroad  and  various 
distances  to  cutting  sheds. 

The  product  is  used  mainly  for  monuments  and  the  inferior  stock 
for  paving.  The  chief  market  is  Philadelphia.  S])ocimen  structure: 
Masonic  Building,  Philadelphia. 

The  Djerf  ik  Winquist  quarry  is  on  the  North  CoiniiKms,  south  of 
Quarry  street.  (See  map,  PI.  11,  No.  16.)  Operator,  Djerf  &  Win- 
quist,  Quincy,  Mass. 

The  granite,  '* extra  light,"  is  a  riebeckite-a^girite  granite  of  light 
pea-greenish  gray  color  and  medium  to  coarse  texture.  It  is  iden- 
tical in  composition  with  that  of  the  I^])ag(*  (juarrA^  (specimen  D, 
XXVIII,  76,  a),  described  on  page  112.  It  owes  its  green  color  to 
the  epidotization  of  the  feldsj)ar.  The  (juartz  is  amethystine,  not 
smoky.  The  contrast  is  chiefly  between  the  black  silicates  and  the 
feldspar,  but  there  is  also  some  between  the  purplish  tinge  of  the 
quartz  and  the  light  green  of  the  felds})ar.  \V(»re  the  stone  suitable 
for  monumental  work  its  colors  would  })e  attractive  on  the  polished 
surface. 

The  quarry,  opened  in  18S7,  measures  al)()ut  300  hy  250  feet  and 
125  feet  in  depth. 

There  is  a  basic  dike  6  feet  thick,  along  the  south  side  (lipping 
steeply  to  the  south;  a  like  one  a  little  north  of  the  north  wall  dips 
steeply  to  the  north.     The  sheets,  from  2  to  22  feet  tliick,  dip  low 
north.     In  places  they  are  thick  at  tlie  top.    T\\o,  q\\\wct\  v^  a\w\\s>- 
uallr  tree  of  joints.     Joints  A  strike  aV)out  1^.  ^tf"  \^ .,  ^v^  ^\>i«i^^ 
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north,  and  from  north  and  south  walls  only.  Joints  B  strike  nearly 
north,  from  east  and  west  walls  only;  one  diagonal  joint  (E)  striking 
N.  45°  W.,  dips  45°  to  50°  southwest.  The  rusty  stain  along  sheet 
surfaces  is  from  one-fourth  inch  to  6  inches  thick. 

The  plant  consists  of  2  derricks,  2  hoisting  engines,  a  steam  drill, 
3  air  plug  drills,  and  a  steam  pump.  Compressed  air  is  obtained 
from  the  Dell  Hitchcock  quarry. 

Transportation  involves  cartage  of  1  mile  to  railroad. 

The  product  is  used  entirely  for  building  and  hammered  work. 
Some  of  it  finds  a  market  in  New  York. 

Tlie  Sdhlsten  quarry  is  on  the  North  Commons,  north  of  Quarry 
street,  about  1,000  feet  east  of  the  last.  (See  map,  PI.  II,  No.  17.) 
Operator,  Theodore  Sahlsten,  34  Mattson  street,  Quincy,  Mass. 

The  granite,  ^^ medium,'^  is  a  riebeckite-segirite  granite,  like  that  of 
the  Hardwick  quarry  described  below. 

The  quarry  is  triangular  in  area,  with  sides  measuring  100,  75,  and 
145  feet,  respectively,  and  being  from  50  to  75  feet  deep. 

The  sheets  from  1  to  10  feet  thick,  dip  40°  southwest.  Joints  C 
strike  N.  20°  W.,  dip  90°,  and  are  spaced  10  to  20  feet.  Joints  D, 
striking  N.  55°  E.,  dipping  90°,  are  spaced  60  feet,  and  form  the 
south  wall.  Joints  E  are  diagonal,  strike  N.  45°  W.,  dip  70°  north- 
east, are  spaced  10  to  20  feet,  and  occur  at  northeast  comer  only- 
Gray  knots  measure  up  to  12  by  18  inches.  Rusty  stain  is  up  to  6 
inches  thick  on  the  sheet  surfaces. 

The  product  is  used  for  monuments  and  bases,  cellar  stone,  and 
paving. 

The  Hardwick  quarry  is  on  the  North  Commons  opposite  the  comer 
of  Quarry  and  Smith  streets.  (See  map,  PI.  II,  No.  19.)  Operator, 
C.  II.  Ilardwdck  &  Co.,  Quincy,  Mass. 

The  granite  (specimen  D,  XXIX,  79,  d),  '^medium,''  is  a  riebeckite- 
segirite  granite  of  dark,  slightly  purplish  gray  color,  a  trifle  darker 
than  86,  a  (the  ^Mark  medium"  of  Merr}"  Mount  quanyO,  and  a  little 
darker  and  more  purplish  than  67,  d  (the  ^Mark'^  of  Dell  Hitchcock 
quarr^O-  It  is  of  medium,  even-grained  texture  with  feldspars  and 
black  silicates  up  to  0.4  inch.  Its  constituents,  in  descending  order 
of  abundance,  are:  A  medium  and  dark,  slightly  purplish  gray  pot- 
ash feldspar  (orthoclase,  usually  twiimed),  always  with  minutely 
intorgrown  soda-lime  feldspar  and  exceptionally  with  quartz  also. 
In  places  it  is  somewhat  kaolinized,  contains  minute  epidotes  and 
crystals  of  rieheckite  from  0.0094  to  0.066  millimeter  Kmg  up  to 
0.0094  millimeter  wide;  li<rlit  smoky  (jiiartz  with  intersecting  streaks 
or  sheets  of  caviti(»s  from  less  than  0.0043  to  0.02  millimeter  long, 
also  with  very  minute  black  particlc^s:  rieheckite  and  a^girite,  the 
latter  with  black  nonmetallic  particles  (limonite ?) ;  a  little  soda-lime 
feldspar   (albite   to   o\it:coc\ase-v\\\>\l^V     iV^'cessor\^:   Magnetite.     Sec- 
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ondaiy:  Kaolin,  epidote,  brownish-yellow  fibrous  hornblende  on 
riebeckite;  and  limonite(?). 

The  contrast  is  largely  between  the  black  silicates  and  the  gray  of 
the  quartz  and  feldspar. 

The  "light'*  of  the  same  quarry  (specimen  D,  XXIX,  79,  f)  is  a 
similar  granite  of  medium  gray,  inclining  to  dark,  shade  without 
bluish  or  greenish  or  purplish  tinge,  with  blue-black  and  very  dark 
green  spots,  and  of  medium  texture  with  feldspar  and  riebeckite  up 
to  0.4  inch.  Its  constituents  are  identical  with  those  of  the  ''medium '' 
already  described,  except  that  the  feldspar  is  in  places  stained  with 
hematite,  in  others  with  limonite,  proceeding  from  limonite  asso- 
ciated with  zircon,  and  that  the  segirite  appears  to  be  slightly  altered. 
There  is  some  leucoxene  adjacent  to  ilmenite.  The  segirite  contains 
not  a  little  magnetite.     Fluorite  is  among  the  accessory  minerals. 

The  contrast  between  the  black  silicates  and  the  other  minerals  in 
the  '* light'*  is  greater  than  in  the  ''medium,"  because  the  feldspars 
are  lighter. 

The  ''dark'*  (specimen  79,  e)  is  darker  than  the  "medium"  and 
of  same  shade  as  the  ''dark"  of  the  Granite  Railway  quarry  (68,  b), 
page  109,  but  of  marked  purplish  tinge.  Its  texture  is  medium  to 
coarse. 

An  analysis  of  a  granite  from  this  quarry  is  given  on  page  93. 

The  quarry,  first  opened  in  a  small  way  in  1790,  but  first  operated 
by  the  Hardwick  family  in  1848,  measures  about  300  feet  east  and 
west  by  150  feet  across,  and  125  feet  in  depth. 

The  sheets,  from  8  inches  to  20  feet  thick,  usually  increasing 
in  thickness  downward,  but  in  places  thin  to  a  depth  of  50  feet,  are 
lenticular  and  horizontal.  Joints  A,  striking  X.  8()°-85°  W.,  dipping 
55°-65*'  N.,  are  spaced  10,  30,  and  60  feet,  and  form  a  heading  on  the 
west  wall.  Joints  C,  striking  N.  30°  W.,  dipping  70°  SW.,  are  spaced 
5,  25,  and  150  feet,  and  form  a  heading  30  feet  wide  in  the  eastern 
half  of  quarry.  Tliese  joints  are  intermittent.  The  rift  is  reported 
as  vertical,  with  a  course  not  far  from  N.  30°  W.,  and  the  grain  as 
horizontal.  The  boundary'  between  the  '  *  medium ' '  and  the  '  *  light "  is 
irregular.  Within  the  headings  the  stone  has  a  marked  purplish  tmt 
from  hematite  stain.  There  are  rows  of  riebeckite  particles  up  to  half 
an  inch  wide  with  a  X.  85°  \V.  course  and  a  dip  of  55°  S.  Tliere  are 
also  quartz  veinlets  with  a  X.  20°  W.  course  and  a  dip  of  5()°-75°  E., 
less  than  0.1  inch  thick,  which  in  places  give  way  to  black  silicates. 
In  thin  section  this  black  part  consists  chiefly  of  quartz,  a^girite,  and 
magnetite,  with  a  little  zircon  (in  doubly  terminated  p^Tamids),  pur- 
ple fluorite,  and  carlxmate.  Aplitic  knots  of  group  1,  described  on 
page  95,  measure  up  to  3  feet  by  4  inches.  Light-gray  knots  of 
group  2,  with  porplnTitic  feldspar,  occur  also.  Kusty  stain  along 
the  sheev  surfaces  is  from  three-fourtlis  inelv  to  Q>  md\e^  W\vc^«    'X^jiSb 
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drainage  of  the  quarry  is  said  to  contain  magnesia,  iron,  and  lime. 
The  rock  surface  is  covered  with  6  to  16  feet  of  sand  and  bowlders. 

The  plant  consists  of  5  derricks,  2  hoisting  engines,  em  air  com- 
pressor (capacity  275  cubic  feet  of  air  per  minute),  3  steam  drills, 
4  air  plug  drills,  3  air  hand  tools,  5  polishers,  and  a  steam  pump. 

Transportation  involves  cartage  of  1  mile  to  railroad  and  varying 
distances  to  local  cutting  sheds. 

The  product  is  chiefly  the '  'medium,''  but  includes  some  '^dark"  and 
"Hght,''  the  last  being  used  for  bases  and  hammered  work.  Specimen 
structures:  The  addition  to  Gore  Hall  at  Harvard  University,  erected 
in  1870;'  the  custom-house  at  New  Orleans;  the  Lewis  Cass  monu- 
ment at  Detroit,  Mich. ;  a  5-foot  polished  ball  in  Fairmount  Cemetery, 
Newark,  N.  J. 

T^  Galvin  quarry  is  on  the  North  Commons,  between  the  McKen- 
zie  &  Pattison  and  the  Hard  wick  quarry.  (See  map,  PL  II.)  Opera- 
tor, The  Galvin  Granite  Company  (John  P.  Galvin),  Quincy,  Mass. 

The  grailite,  similar  to  that  of  the  Hardwick  quarry,  is  a  riebeckite- 
segirite  granite  of  dark  or  medium  gray  shade. 

The  quarry  is  150  feet  square  by  100  deep  and  has  10  feet  of 
stripping. 

The  chief  geological  feature  is  the  presence  of  pegmatite  quartz 
veins  at  intervals  of  2  to  10  feet,  striking  N.  25°  W.  and  dipping  50° 
S.  25°  W.  These  veins,  up  to  1  inch  thick,  occupy  the  center  of  belts 
of  light  granite  10  inches  wide,  and  are  crossed  by  vertical  subjoints 
striking  about  north  and  not  over  1  foot  long.  They  have  already 
been  referred  to  on  page  48,  and  are  shown  in  PI.  Ill,  B,  The  sheets, 
from  1  to  14  feet  thick,  are  lenticular  and  horizontal.  Joints  A  strike 
N.  80°  W.,  dip  90°,  and  form  the  north  and  south  walls.  B  strike 
north,  dip  90°,  and  form  the  east  wall.  C  strike  and  dip  with  the 
veins,  are  spaced  2  to  25  feet  and  form  a  heading  on  the  east  wall. 
The  rift  is  reported  as  vertical,  with  a  N.  80°  W.  course,  and  the  grain 
as  horizontal,  but  dips  20°  W.  when  the  drilling  is  done  from  north 
to  south.  Black  and  gray  knots  measure  from  1  inch  up  to  2  feet  6 
inches  in  two  diameters.  Rusty  discoloration  on  sheet  surfaces  is 
up  to  1  foot  thick,  in  cases  even  2  feet. 

The  plant  consists  of  2  derricks,  2  hoisting  engines,  a  steam  drill, 
and  a  steam  pump. 

The  product  is  carted  to  local  cutters. 

The  McKenzie  c&  Pattison  quarry,  idle  in  1906,  is  on  the  North 
Commons.  (See  map,  PI.  II,  No.  18.)  This  has  on  its^northwest  side 
quartz  veins,  like  those  of  the  Galvin  quarry,  striking  N.  50°  W.  and 
dippin<^  50°  S.  50°  W.,  forming  the  center  of  bands  of  whitish  and 
brownish  discoloration. 

I7ie  Field  cfc  Wild  quarry  is  on  the  North  Commons  between  the 
last  quarry  and  Crancli  street.  l§>ee  m^^,Pl.  II,  No.  20.)  Opera- 
tor, Field  &  Wild,  Quincy,  ^Islss. 
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The  granite,  ''dark/'  ''medium/*  and  "light/'  is  a  riebeckite- 
segirite  granite  of  dark  and  medium  gray  shade. 

The  quarry,  opened  in  about  1840,  measures  about  600  feet  from 
northwest  to  southeast  by  150  feet  across  and  from  75  to  100  feet  in 
depth. 

The  rock  surface  on  the  northeast  side  dips  steeply  east  with  sheets 
from  1  to  3  feet  thick  parallel  to  it.  Some  thin  sheets  occur  also  in 
the  upper  20  feet  on  the  southwest  side.  Joints  B,  striking  N.  15°  E., 
dipping  90°  and  steeply  east,  spaced  10  to  50  feet,  occur  at  the  north- 
west end  only.  Joints  C,  striking  N.  15°  W.,  dipping  80°  E.,  are 
spaced  1  to  8  feet.  Joints  D,  striking  N.  45°  E.,  dipping  70°-85°  N. 
45°  W.,  are  spaced  20  to  50  feet.  Joints  E,  striking  about  N.  45°  W., 
dipping  30°-50°  S.  45°  W.,  are  spaced  2  to  8  feet.  These  are  con- 
spicuous in  the  southeastern  half  of  the  quarry.  Some  intermittent 
joints  are  coated  with  riebeckite.  The  rift  is  said  to  vary  greatly 
in  direction  both  in  the  quarry  and  in  different  blocks.  There  are 
numerous  quartz  veins  like  those  at  the  Galvin  and  McKenzie  &  Pat- 
tison  quarries,  striking  about  N.  45°  W.,  dipping  45°  S.  45°  W.,  at 
intervals  of  2  to  25  feet.  They  are  mostly  crossed  by  subjoints  1  foot 
long,  parallel  to  joints  C,  an  inch  or  two  apart.  Some  of  them  have 
a  central  fracture.  In  places  they  are  only  one-fiftieth  inch  thick. 
A  thin  section  of  one  shows  quartz  crowded  with  cavities  in  inter- 
secting streaks,  crystals  of  ilmenite  (probably),  and  carbonate.  The 
hand  specimen  shows  fluorite  along  the  edge  of  the  vein.  The  feld- 
spars adjacent  to  the  vein  are  traversed  by  fibrous  muscovite,  also 
kaolinized,  epidotized,  stained  with  limonite,  and  otherwise  altered. 
(See  p.  95.)  Knots  up  to  over  6  inches,  some  of  them  of  group  2 
(p.  95),  with  prophyritic  feldspars,  occur. 

The  plant  consists  of  3  derricks,  3  hoisting  engines,  an  air  com- 
pressor (capacity  195  cubic  feet  of  air  per  minute),  a  large  air  drill, 
6  air  plug  drills,  6  air  hand  tools,  and  2  steam  pumps. 

Transportation  involves  cartage  of  1  mile  to  railroad. 

The  product  consists  of  "dark''  and  ^'medium''  for  monuments 
and  "light"  for  bases,  etc.  Specimen  monuments  and  structures: 
The  Howe  monument  at  Greenwood  Cemetery,  New  York;  Gerkin 
monument  at  Great  Barrington,  Mass. ;  Joseph  Robertson  monument 
at  Moimt  WoUaston  Cemeter}^,  Quincy;  Payne  Building  at  Cleve- 
land, Ohio. 

The  above  quarries  include  all  which  were  in  operation  in  1906  on 
the  North  Commons.     The  following  are  in  West  Quincy: 

T?i€  Wigwam  quarry  is  on  Willard  street,  570  feet  south  of  West 
Quincy  station.  (See  map,  PI.  II,  No.  1.)  Operator,  Badger  Broth- 
ers, 107  Willard  street.  West  Quincy,  Miiss. 

The  granite,  chiefly '^ dark"  and  ''extra  dark,'' with  some '^medium'' 
and  "light,"  is  a  riebeckite-a?girite  gramtc  of  daxk^NCT^  v\^^^q^\sv^ 
dium  hiuiahgr&y  color  and  of  medium  to  coarse,  evew-^^vc^^^^^^^^^^- 
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Its  constituent  minerals  are  similar  to  those  of  specimens  D,  XXVIII, 
68,  b  C'dark^'),  and  D,  XXIX,  78,  a  C^extra  dark"),  described  on 
pages  107, 109,  but  the  stone  is  reported  as  coarser  in  parts  of  the 
quarry  than  in  adjacent  quarries.  The  stone  of  the  east  side  becomes 
lighter  on  exposure,  even  after  polishing. 

A  polished  specimen  (D,  XXVIII,  73,  a)  of  the  '^medium"  shows 
the  feldspars  ranging  from  a  dark  gray  to  a  greenish  medium  gray, 
and  cream  colored  in  spots  owing  to  kaolinization.  The  contrasts 
between  the  black  sihcates,  the  grayish  quartz  and  feldspars,  and  the 
cream-colored  parts  of  the  feldspars  are  marked  and  give  the  stone  a 
mottled  shading. 

An  estimate  of  the  mineral  percentages  made  by  applying  the 
Rosiwal  method  to  this  specimen,  with  a  mesh  of  0.6  inch  and  total 
linear  length  of  20.4  inches,  yields  these  figures: 

Entimatcd  mineral  pcrcentagfs  in  Qiiincy  granite  from  the  Wigicam  quarry. 

Feldspars 69. 51 

Quart? 8. 43 

Riebeckite  and  tegirito 22. 06 

100.00 

The  quarry,  opened  between  1820  and  1830,  measures  about  250 
feet  in  a  N.  65^  W.  direction  by  100  feet  across,  and  from  100  to  160 
feet  in  depth. 

The  sheets  at  the  surface,  on  the  north  and  west  sides,  are  from  1 
to  3  feet  thick,  and  dip  50°  northeast.  On  the  south  and  east  sides 
there  are  traces  of  sheet  structure  in  the  upper  40  feet  but  none  below 
that.  Joints  A,  striking  N.  83°  E.  and  vertical,  are  spaced  6  to  20 
feet.  Joints  B,  striking  N.  10°  E.  and  vertical,  are  spaced  3  to  18 
feet,  and  form  the  southwest  wall.  Owing  to  its  irregular  sheets  and 
the  spacing  of  the  joints  this  is  teclmically  a ''bowlder  quarry."  The 
rift  is  reported  as  vertical,  with  an  east-west  course  (m  the  south  side, 
but  on  the  north  as  dipping  steeply  north,  and  the  grain  as  vertical 
north  to  south.  Black  knots  are  reported  up  to  6  feet  by  2  feet. 
(Ireenish  and  muddy  yellow  ones  of  group  3,  page  95,  measure  up  to 
1  foot  in  length  by  a  few  inches  in  width.  Reddish  and  greenish 
spots  C'onM,'-  p.  54)  occur  in  the  upper  30  feet.  Rusty  stain,  from 
onc-luilf  inch  to  IS  inches  thick,  is  abundant  along  the  joint  faces. 

The  plant  consists  of  5  derricks,  2  hoisting  engines,  2  air  com- 
pressors (capacity  225  cubic  feet  of  air  })er  minute),  3  steam  drills. 
()  air  plu;^  drills,  ()  air  hand  tools,  i\  polishers,  and  a  steam  pump.  The 
compressors  and  polishers  are  run  by  a  loO-horsepower  engine. 

A  si(lin<i:  reaches  the  (piarry,  hut  blocks  for  finishing  are  carted  a 
few  liundretl  leet  to  the  cutting  shed,  which  is  on  the  main  line. 

llio  product  iinds  its  market  through  local  dealers.  It  consists 
chwilv  of  the  ''dark"  and  ''exVxw  AwxV  W  uumunients.  Sj>ecimcns: 
PolisJwd   columns  iu   momuuowV  Vo  ^^.^V^\\vv^^\  ^\^v\\\.  \\\v:\v\\^^t  ol 
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BULLETIN    NO.    364      PL.   IV 


BALL  OF  POLISHED   QUINCY  GRANITE   FROM  THE  WIGWAM  QUARRY. 
Diameter,  76  inches:  weignt,  22.0Uu  pounds. 
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Bunker  Hill  monument^  in  Hall  Cemetery,  West  Quincy;  polished 
columns  in  New  Orleans  custom-house,  and  a  polished  ball,  6  feet 
6  inches  in  diameter,  at  Rock  Island,  111.,  cemetery.  A  photograph  of 
this  is  reproduced  in  Plate  IV. 

Th€  ReinhaUer  quarry  is  570  feet  south-southwest  of  the  West 
Quincy  station.  (See  map,  PI.  II,  No.  2.)  Operator,  Thomas  F. 
Mannex,  West  Quincy,  Mass. 

The  granite  (specimen  D,  XXIX,  78,  a),  ''extra  dark,"  is  a  rio- 
beckit^ffigirite  granite  of  very  dark  bluish  gray  color  and  of  medium 
to  coarse,  even-grained  texture,  with  feldspars  up  to  0.5  and  black 
silicates  up  to  0.3  inch.  Its  constituents,  in  descending  order  of 
abundance,  are :  A  dark  and  medium  gray  potash  feldspar  (orthoclase, 
mostly  twinned)  minutely  intergrown  with  soda-lime  feldspar,  dark- 
ened probably  by  a  black  mineral  in  very  minute  particles.  It 
incloses  minute  crystals  of  riebeckite,  and  particles  of  epidote;  smoky 
quartz  with  intersecting  streaks  and  sheets  of  cavities,  very  minute 
black  particles  and  isolated  crystals  of  segirite;  blue-black  riebeckite 
and  green-black  segirite,  in  places  intergrown;  a  little  separate  soda- 
lime  feldspar  (albite  to  oligoclase-albite).  Accessory  minerals  are: 
Zircon  (rather  abundant),  ilmenite,  and  p\Tite.  Cracks  in  orthochise 
and  quartz,  intersecting  at  right  angles,  probably  rift  and  grain  cracks, 
contain  or  are  crossed  by  secondary  minute  riebeckite  crystals.  The 
feldspar  is  much  darker  on  either  side  of  these  cracks.  The  secondary 
minerals  are:  Epidote,  leucoxene,  and  part  of  the  riebeckite. 

The  ''medium"  of  this  quarry  is  a  dark,  very  slightly  greenish  gray 
stone  of  the  same  texture.  Its  shade  is  like  the  "medium"  of  the 
Hardwick  quarry  (p.  102),  but  its  tint  is  different.  It  is  darker  than 
the  "dark"  of  the  Dell  Hitchcock  quarry,  but  differs  from  that  also 
in  tint. 

The  quarry,  opened  before  1871,  measures  200  feet  by  150  on  one 
side  and  200  feet  on  the  other,  and  is  225  in  depth. 

The  sheets,  from  14  inches  to  20  feet  thick,  extend  to  within  50  feet 
of  the  bottom  or  175  feet  from  the  rock  surface.  At  a  point  on  the 
east  side,  150  feet  dowTi,  they  dip  east.  On  the  south  side,  175  feet 
do^Ti,  they  strike  X.  85°  W.  and  dip  25°-35°  S.  Below  the  sheet 
structure  there  is  a  mass  55  feet  thick  (100  by  45  feet)  without  hori- 
zontal parting.  The  joint  and  rift  courses  are  shown  in  fig.  9.  Joints 
A  dip  90®,  form  the  north  and  south  walls,  and  recur  at  intervals  of 
10  and  35  feet.  At  35  feet  from  the  north  wall  tliey  form  a  lO-foot 
heading  which  extends  from  a  point  100  feet  below  the  surface  to  the 
bottom-.  Joints  B  are  vertical,  form  the  east  wall,  are  intermittent, 
and  are  spaced  30  and  00  to  70  feet.  The  east  wall  is  intersected  by  a 
wide  heading  striking  X.  20°  ¥j.  and  dipping  steeply  east.  Joints  C 
dip  90®  and  form  the  west  wall.  Joints  D  are  vertical  and  exceptional. 
In  about  the  center  of  the  top  of  the  nortli  \va\\  \s  a  *iTvW>V\vv>'d.^vw^^ 
which  At  A  point  50  feet  down  disappears  \>e\uivv\  '\\..    TVve^  \vvi.\5.<X\\vij,  ^ 
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has  ''dark"  and  ''medium"  granite  on  its  south  side  and  "extra  dark" 
on  its  north  side.  The  sheets  at  a  point  175  feet  down  are  intersected 
by  several  convex  southward  curving  partings,  "toe  nails."  The  rift 
is  reported  as  90°  below,  but  not  quite  90®  near  the  surface,  and  the 
grain  as  horizontal.  Black  knots  are  usually  but  a  few  inches  in 
diameter,  but  some  2  feet  by  1  foot  6  inches  are  reported.  Gray  knots 
are  from  one-half  inch  to  8  inches.     Rusty  stain  measures  up  to 

3  inches  on  joint  faces,  but  down  to  one-half  inch  on  sheet  faces  near 
the  bottom. 

The  plant  consists  of  5  derricks,  4  hoisting  engines,  3  air  compressors 
(capacity  348,  260,  and  80  cubic  feet  of  air  per  minute,  respectively), 

4  steam  drills,  6  air  plug  drills,  6  air  hand  tools,  a  surfacer,  3  polishers 
and  a  steam  pump. 

Transportation  is  provided  for  by  a  siding  at  the  quarry,  a  cartage 

of  one-fourth  mile  to  the 

;^g ^ ^^^^ cutting     shed      and     a 

^      I     /  shorter     cartage     ^from 

>©  V^      ^1  £^y^        there  to  the  railroad. 

\^  \    bV        "^^  The  product  consists  of 

i\  y^  ''extra    dark,"   "dark," 

(A)  N.  85'-  90-w.       \ix     w.  -E.  Rift     f.,|      and  "medium,"  but  most 

F      of  it   is  "extra   dark." 

I'       It    is    used    for    monu- 

^y^         I       \  L       men ts  and  columns.  The 

l§       largest    block    obtained 
(A)  ^/     s.v..n   \  \I       weighed  50  tons. 

ITie  Swindle  ouarrv  is 

Fig.  9.— Structure  at  Reinhalter  quarry,  West  Quincy,  Mass.         .  #  i 

about  600  feet  southwest 
of  the  West  Quincy  station,  and  adjoins  the  Reinhalter  quarry  on  the 
west.    (See  map,  PI.  II,  No.  3.)   Operator,  J.  S.  Swingle,  Quincy,  Mass. 

The  granite  (specimen  D,  XXVIII,  72,  a),  "extra  dark,"  is  a  rie- 
beckitc-segirite  granite  of  very  dark  bluish  gray  color,  and  of  medium 
to  coarse,  even-grained  texture,  with  feldspars  up  to  0.5  and  black 
silicates  up  to  0.3  inch.  Its  C(mstituents  are  like  those  of  the  adjacent 
Reinhalter  quarry  stone  (specimen  78,  a),  page  107. 

The  contrast  in  the  polished  stone  is  confined  to  that  between  the 
black  silicates  and  the  dark  gray  of  the  other  minerals. 

iVn  estimate  of  the  mineral  percentages  in  specimen  72,  a,  by  the 
Rosiwal  method,  with  a  mesh  of  0.5  inch  and  a  total  linear  length  of 
20  inches,  yields  these  results: 

Edhnated  tnineral  percentages  in  Qiiinaj  granite  from  the  Swingle  quarry. 

Feldspars 56. 00 

Quart  z 33. 50 

RjVbcckite  aiul  a'girite 10. 50 

100.00 
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The  quarry,  opened  about  1846,  measures  about  200  feet  from  north 
to  south  by  175  feet  across  and  200  in  depth. 

Irregular  horizontal  sheets  are  apparent  only  to  a  depth  of  100  feet, 
below  which  point  joints  and  headings  predominate.     This  is  a  bowlder 
quarry  and  its  management  is  difficult.     Joint  and  rift  courses  are 
shown  in  fig.  10.     Joints  A  are  vertical  or  dip  75°  south,  form  a  heading 
on  the  north  wall,  and  are  spaced  10  to  30  feet.     Joints  C  are  vertical 
and  form  a  heading  on  the  east,  30  feet  wide,  which  separates  this 
from  the  Reinhalter  quarry.     Joints  D,  diagonal,  form  a  heading  on 
the  west  w^U  dipping  75°  SE.,  and  another  extending  from  east  to 
south  walls.     They  are  spaced  2  to  10  feet,  and  some  dip  90°.     Joints 
B,  also  diagonal,  dip  70°  east,  and  form  a  heading  intersecting  the 
south  wall  and  another  at  the  northwest  comer.     The  rift  is  reported 
as  vertical  with  a  north-south  course  west  of  heading  C,  but  with  an 
east^west  course  east  of  it.     This  anomaly  may  be  due  to  faulting. 
EjiiiiB,  green  or  black,  are 
reported  as  measuring  from 
6  inches  to  2  feet  in  diam- 
eter.    Rusty  stain  is  from 
one-half  inch  to  2  inches 
thick  on  sheet  surfaces  at 
the  bottom. 

The  plant  consists  of  2 
derricks,  2  hoisting  engines, 
an  air  compressor  (capacity 
348  cubic  feet  of  air  per 
minute),  4  steam  drills,  12 
air  plug  drills,  and  4  steam 
pumps. 

Transportation  is  by  a 
railroad  siding  for  out  of 

town  shipments,  but  by  cartage,  averaging  about  1   mile,  to  local 
dealers. 

The  product  is  used  mostly  for  monuments.  Shipments  have  been 
made  to  Connecticut,  Rhode  Island,  New  Hampshire,  Maine,  New 
York,  New  Jersey,  Pennsylvania,  Delaware,  Ohio,  Indiana,  Illinois, 
Michigan,  Wisconsin,  and  Missouri.  The  usual  maximum  size  of  blocks 
quarried  is  150  cubic  feet,  but  blocks  40  by  0  by  8  feet  are  obtainable. 

The  Granite  Railway  quarr\i  derives  its  name  from  a  primitive  rail- 
road constructed  in  1826  to  bring  the  granite  for  Bunker  Hill  Monu- 
ment from  a  neighboring  opening  to  tide  water  at  Neponset  River. 
The  quarry  now  worked  is  about  1,050  feet  west-southwest  of  West 
Quincy  station.  (See  map,  PI.  II,  No.  4.)  Operator,  The  Granite 
Railway  Company,  Quincy,  Mass. 

The  granite  (specimens,  D,  XXV 111 ,  6H ,  b ,  \0)  / '  ^vcvxv^^'  ^^^  ^^^'^ 

nUwBy/'is&riebeckite'O^giTitQ.  granite  of  daikXAuVsYv^ttX  ^c^cst,^^^ 

medium  to  coarse,  even-grained  texture,  w\t\i  le\c\a^«iT^  \rp  vc>  ^^^  ^s^.^ 


FlQ.  10.— structure  at  tho  Swingle  quarry  in  Wrst  Quimy. 
Mass. 


110  COMMEBCIAL  GRANITES  OP   MASS.,  N.   H.,  AND  B.  I. 

and  black  silicates  up  to  0.3  inch.  Its  constituents,  in  descending 
order  of  abundance,  are :  A  dark  bluish-greenish  gray,  black-streaked 
potash  feldspar  (orthoclase,  in  twins),  minutely  intergrown  with  soda- 
lime  feldspar,  apparently  darkened  by  microscopic  black  particles  and 
also  somewhat  kaolinized,  containing  blue-brownish  crystals  of  rie- 
beckite  down  to  0.009  millimeter  long,  also  irregular  particles  of  green 
epidote  and  some  slender  ones  up  to  0.37  millimeter  long  arranged 
either  along  the  twinning  plane  or  the  plane  of  intergrowth  with  the 
soda-lime  feldspar.  The  black  streaks  are  due  to  clusters  of  radiating 
fibrous  crystals  of  a  brown  hornblende;  smoky  quartz. with  inter- 
secting streaks  or  sheets  of  cavities,  from  less  than  0.0028  to  0.0085 
millimeter,  also  with  abundant  microscopic  black  particles;  blue- 
black  riebeckite  and  green-black  eegirite  in  many  cases  intergrown. 
Basal  sections  of  the  latter  appear  corroded;  separate  soda-lime  feld- 
spar (albite  to  oligoclase-albite)  in  very  small  amount.  The  accessory- 
minerals  are:  Ilmenite,  zircon  in  doubly  terminated  pyramids,  and 
apatite.  The  secondary:  Epidote,  kaolin,  leucoxene,  hematite  and 
limonite  stain  (rare),  brown  hornblende,  and,  as  shown  by  test,  calcite. 

The  contrast  between  the  smoke  shade  of  the  quartz  and  the  slightly 
bluish-greenish  gray  of  the  feldspar  is  small.  It  lies  mainly  between 
these  and  the  black  silicates. 

An  estimate  of  the  mineral  percentages  by  the  Rosiwal  method 
yields  the  following  results,  with  a  mesh  of  0.4  inch  and  a  total  linear 
length  of  71.2  inches. 

Estimated  mineral  percentages  in  Quirwy  granite  from  the  Granite  Railway  quarry. 

Feldspars 58.  79 

Quartz 33. 74 

Riebeckite  and  regirite 7. 47 

100.00 

Of  course  the  last  figure  does  not  include  the  microscopic  particles 
of  the  two  black  silicates. 

Mr.  E.  C.  Sullivan,  chemist,  of  the  United  States  Geological  Survey, 
extracted  0.13  per  cent  of  CaO  (lime)  from  this  granite  by  means  of 
hot  dikite  acetic  acid,  which  indicates  the  presence  of  0.25  per  cent  of 
CaCOy  (lime  carbonate)  calcite. 

Tlie  ^' extra  dark"  of  the  same  quany  (specimen  D,  XXVIII,  68,  c) 
is  darker  than  68,  b,  l)ut  a  trifle  lighter  than  the  '^ extra  dark''  of  the 
wSwinti:le  (juany.  The  feldspar  seems  to  be  darkened  by  more  brown 
hornblende  and  more  abundant  other  black  particles.  There  is  also  a 
dark  orange  hornblende.  The  minute  riebeckite  crystals  and  long 
slender  epidote  particles  are  both  arranged  Anth  reference  to  the 
t\vinnin<:  of  the  feldspars.  An  a'girite  particle  (0.2  by  0.14  millimeter) 
coated  with  radiating  crystals  of  riebeckite  (up  to  0.09  miUimeter 
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long)  occurs  within  a  quartz  area.  Purple  fluorite  is  mingled  with 
the  riebeckite. 

The  quarry,  opened  in  1826,  is  roughly  T-shaped,  the  top  of  the 
T  measuring  about  800  feet  N.  75°  W.  by  450  feet  N.  10°  E.,  and 
the  stem  being  about  250  by  20  feet.  Its  depth  ranges  from  50  to  70 
feet,  but  30  feet  of  rock  had  been  removed  from  the  present  edge 
of  the  quarry.  In  1906  a  mass  about  100  feet  square,  rising  30  to  40 
feet  above  the  edge  and  devoid  of  sheet  structure,  projected  into  the 
quarry  west  of  the  stem  of  the  T. 

A  15-foot  diabase  dike  dipping  60°  NNE,  with  a  greenish  rim  a  foot 
thick  on  its  under  side,  bounds  the  quarry  on  the  southwest.     (See 
p.  95.)     The  granite  under  the  dike  has  three  sets  of  joints,  one 
dipping  about  50°  in  the  opposite  direction,  one  parallel  to  the  dike, 
and  a  third  striking  N.  22°  E.  with  the  dip  of  the  dike.     The  sheets 
are  in  places  regular,  in  other 
places  they  are  in  short  lenses, 
and    in    others    are    altogether 
absent.     This   is  a    bowlder 
quarry.     The   courses  of    dike, 
joints,   and  rift  are    shown    in 
fig.  11.     Joints  A  dip  55°  south- 
west,  form   a   heading  on    the 
northeast,  and  are  spaced  1  to 
12  feet.     Joints  B  are  vertical, 
form  the  east  and  west  walls, 
and   are  spaced   irregularly  up 
to  300  feet.     Joints  C,  diagonal 
and  dipping  70°  west,  form  a 

heading  at  the  west  angle  of  ^--  "-^^"'nve;  Q..morMasl""'^"'  '"""'' 
the    T  in  the   projecting  mass. 

Joints  D,  diagonal  and  dipping  about  55°  east,  arc  coated  with 
riebeckite  and  hence  are  called  '^ black  seams."  (See  p.  (iO.)  They 
occur  intermittently  on  the  south  side  of  the  (luarry.  The  rift  is 
reported  as  vertical  with  a  X.  S0°  W.  course,  and  the  grain  as  also 
vertical  at  right  angles  to  it,  but  feeble.  In  the  western  part  of  the 
top  of  the  T  there  is  a  mass  of  hematitic  and  chloritic  granite  ("orei") 
extending  30  feet  down  from  the  surface.  This  is  described  fully  on 
page  54.  Knots  of  dark-gray  shade  measure  uj)  to  12  by  6  inches. 
Rusty  stain  is  from  3  to  12  inches  thick  on  joint  and  sheet  faces  in  the 
deeper  part  of  quarr}\ 

This  company  operates  another  (luarrA^,  opened  in  lOOo,  known  as 
No.  4,  Nos.  1,  2,  and  3  being  designations  of  parts  of  tli(»  last  quaiTy. 
No.  4  lies  west  of  the  Swingle  ciuarry  and  measures  al)out  200  feet 
N.  16°  E.  by  76  to  100  feet  east  and  is  from  15  to  40  deev-     Tlvv>  sWv-V'^. 
from  6  inches  to  8  feet  thick,  are  horizontal  or  d\\>  ivotV\\ ^x\\\\  \\\^ \S\ 
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surface.  The  Bunker  Hill  quarry,  which  furnished  stone  for  that 
monument,  lies  about  1,800  feet  south  of  No.  4,  but  is  now  idle.  (See 
map,  PI.  II.) 

The  plant  at  these  quarries  includes  8  derricks,  7  hoisting  engines, 
4  steam  drills,  and  4  steam  pumps.  The  cutting  shed  at  the  foot  of  the 
hill  contains  an  air  compressor  ('cajTaCity,  630  cubic  feet  of  air  per 
minute),  40  air-plug  drills,  15  air  hand  tools,  3  surfacers,  8  polishers, 
and  2  overhead  cranes  of  10  and  20  tons  capacity. 

Transportation  is  effected  by  a  siding  from  the  New  York,  New 
Haven  and  Hartford  Railroad. 

The  product  is  used  mostly  for  monuments  and  polished  building 
fronts.  Much  of  it  goes  to  the  Middle  West.  Specimens :  The  Bunker 
Hill  Monument  and  a  poUshed  monument  23  feet  high  to  W.  C.  Whit- 
ney, Secretary  of  the  Navy,  at  Woodlawn  Cemetery,  New  York.  The 
waste  is  used  for  cellar  stone,  riprap,  and  paving. 

The  Lepage  quarry  is  between  the  Granite  Railway  and  the  Cashman 
quarries.  (See  map,  PI.  II,  No.  5.)  Operator,  Lepage  Granite 
Company,  West  Quincy,  Mass. 

The  granite  (specimen  D,  XXVIII,  76,  a),  ''extra  light,"  is  a 
riebeckite-aegirite  granite  of  light  pea-greenish  gray  color,  and  mediimi 
to  coarse  even-grained  texture,  with  feldspars  up  to  0.5  inch  and 
black  silicates  to  0.4  inch.  Its  constituents,  in  descending  order  of 
abundance,  are:  A  light  pea-green  potash  feldspar  (orthoclase, 
mostly  twinned),  minutely  intergrown  with  soda-lime  feldspar.  It  is 
somewhat  kaolinized  and  more  epidotized  than  that  of  the  gray 
granites  of  the  region,  but  contains  far  fewer  minute  crystals  of  rie- 
beckite.  The  epidote  is  apt  to  be  parallel  to  the  twinning  plane  of  the 
orthoclase  or  the  plane  of  intergrowth  of  the  two  feldspars;  amethys- 
tine quartz,  showing  effects  of  strain,  and  containing  intersecting 
streaks  and  sheets  of  cavities,  also  minute  black  particles;  blue-black 
riebeckite  and  green-black  a^girite,  in  c&,ses  intergrown;  soda-lime 
feldspar  (albite  to  oligoclase-albite).  The  accessory  minerals  are: 
Zircon,  pyrite,  and  fluorite.  The  secondary:  Kaolin,  epidote,  car- 
bonate, limonite,  and  slender  crystals  of  orange-yellow  hornblende 
radiating  from  segirite  particles. 

As  pointed  out  on  page  53,  the  color  of  the  granite  and  its  feldspar 
seems  to  be  due  to  the  increase  of  epidote  and  to  the  absence  or 
alteration  of  the  minute  riebeckite  crystals.  Kaolinization  has  also 
lightened  its  shade. 

The  chief  contrast  is  between  the  black  silicates  and  the  rest  of  the 
stone,  the  next  l)etween  the  feldspar  and  (juartz.  It  takes  a  poor 
polish  and  is  only  used  for  bridges,  curbing,  paving,  etc.  On  the 
north  side  of  the  quarry  there  is  some  ''dark"  adapted  to  monu- 
mental work. 
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The  quany,  opened  in  1905,  is  about  100  feet  north  to  south  by 
60  to  80  feet  across  and  from  30  to  45  feet  deep. 

The  sheets,  from  1  to  5  feet  thick,  dip  10°  south.  Joints  A  strike 
N.  80''-85''  W.,  dip  70°-80°  north,  form  the  south  wall,  and  are  spaced 
4  to  10  feet.  Jomts  C  strike  N.  15°  W.,  dip  90°  and  70°  east,  form 
the  west  wall  and  a  heading  on  the  east  wall,  and  are  spaced  3  to  10 
feet.  The  rift  is  reported  as  90°  with  an  east-west  course,  and  the 
grain  as  vertical,  north-south.  The  abundance  of  joints  has  proved 
a  drawback.  Rusty  stain,  already  referred  to  on  page  57,  is  from 
1  to  2  inches  thick.  Blocks  of  the  pea-green  stone  bordered  by  the 
bright  yellowish-brown  stain  afford  strikinsj  contrasts.  (Specimen  D, 
XXVIII,  76,  b.) 

The  plant  includes  a  derrick,  hoisting  engine,  steam  drill,  and 
steam  pump.  Two  plug  drills  are  operated  by  compressed  air  from 
the  Granite  Railway  plant. 

Transportation  involves  cartage  of  1  and  2  miles. 

The  product  consists  of  some  dark  for  monuments,  but  of  more 
"extra  light"  for  construction  and  street  work. 

The  Cdshman  quarry  is  about  1,800  feet  west  of  the  West  Quincy 
station.  (See  map,  PI.  II,  No.  6.)  Operator,  John  Cashman,  49  Cross 
street,  West  Quincy,  Mass. 

The  granite,  ''extra  dark,''  '' medium,"  and  ** extra  hght,"  is  a 
riebeckite-ffigirite  granite  of  very  dark,  or  medium  bluish  gray,  or 
of  light  pea-greenish  gray  color,  and  of  medium  to  coarse,  even- 
grained  texture.  Its  constituents  correspond  to  those  of  the  several 
varieties  of  Quincy  granite  as  described  on  pages  109,  110,  112. 

The  quarry,  opened  about  1876,  is  of  irregular  area  owing  to  several 
offsets  or  projecting  parts  on  the  north,  east,  and  west  sides.  It  is 
roughly  about  350  feet  long,  north-south,  by  225  feet  across  and  from 
70  to  100  feet  deep.  Mr.  Cashman  controls  and  operates  only  the 
southern  two-thirds  of  the  opening,  the  rest  being  idle. 

The  sheets,  from  1  to  5  feet  thick,  are  lenticular  and  flat  on  the 
south  side,  but  dip  north  with  the  surface  at  the  north.  They  extend 
to  the  bottom  of  the  quarrj\  Joints  A  strike  nearly  east-west,  dip 
steeply  north  or  south,  form  a  heading  on  the  north  side,  and  are 
spaced  10  to  75  feet.  Joints  B  strike  about  north,  dip  90°,  form 
headings  on  east  side  and  35  feet  west  of  it,  and  are  spaced  10  to  30 
feet.  The  rift  is  reported  as  vertical,  about  east-west,  hut  in  places 
dipping  away  from  the  vertical,  north  or  south.  AMien  split  from  the 
side  the  rift  in  those  places  is  vertical.  The  grain  is  said  to  dip  steeply 
with  north-south  course.  A  workman  stated  that  the  rift  in  the 
"extra  light''  was  superior  to  that  in  the  dark  stone,  and  the  blocks  in 
sight  showed  smooth  rift  breaks.  The  "extra  light "  occurs  at  both 
north  and  south  ends  of  the  ([uarry  and  the  dark  in  the  center.  Near 
50193— Bull.  354—08 8 
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a  heading  at  southeast  comer  the  granite  is  hematitic  (*'orei"). 
(See  p.  54.)  Rusty  stain  is  from  1  to  3  inches  thick  on  both  Kght 
and  dark  stone.  The  rock  surface  is  covered  with  5  to  10  feet  of 
fragments  of  weathered  granite,  sand,  and  bowlders. 

The  plant  consists  of  3  derricks,  3  hoisting  engines,  2  swinging 
engines,  an  air  compressor  (capacity,  134  cubic  feet  of  air  per  minute), 
2  steam  drills,  4  air  plug  drills,  and  2  steam  pumps. 

Transportation  involves  cartage  of  2  miles. 

The  product  is  monumental  and  bridge  work,  the  former  being  four 
times  more  in  value  than  the  latter.  Specimen  structures:  Arch 
bridge  across  Furnace  Brook  Parkway  in  West  Quincy;  five  bridges 
between  South  Braintree  and  Whitman  on  the  Plymouth  division  of 
the  New  York,  New  Haven  and  Hartford  Railroad. 

TTie  Savo  quarry  is  about  four-fifths  mile  west-northwest  of  West 
Quincy  station.  (See  map,  PL  II,  No.  8.)  Operator,  Savo  Granite 
Company,  16  Quarry  street,  Quincy,  Mass. 

The  granite  (specimen  D,  XXIX,  84,  a)  is  an  altered  riebeckite- 
segirite  granite  of  pinkish  medium  gray  color  and  medium  to  coarse 
even-grained  texture,  with  feldspars  up  to  0.5  inch  and  greenish  siU- 
cates  up  to  0.2  inch.  Its  constituents  are,  in  descending  order  of 
abundance :  A  light-pinkish,  not  transparent  potash  feldspar  (ortho- 
clase,  twinned)  with  minutely  intergrown  soda-lime  feldspar,  consid- 
erably kaolinized,  but  containing  Uttle  epidote  and  no  riebeckite. 
Its  pinkish  color  must  be  attributed  to  hematite,  arising  either  from 
the  oxidation  of  FeO  in  the  feldspar  or  of  magnetite  in  the  other 
particles ;  smoky  quartz  with  intersecting  streaks  or  sheets  of  cavities 
and  minute  black  particles;  riebeckite  and  aegirite  altered  to  quartz, 
magnetite,  carbonate,  epidote  and  in  some  cases  chlorite;  a  Uttle  soda- 
Ume  feldspar  (oligoclase-andesine).  The  accessory  minerals  are: 
Zircon  (rather  large),  and  fluorite.  The  secondary:  Kaolin,  epidote, 
carbonate,  magnetite  (some  in  crystals),  chlorite,  and  hematite. 
A  veinlet  crossing  several  feldspars  consists  for  a  part  of  its  course 
of  epidote,  in  another  part  of  quartz  and  in  another  of  calcite.  (See 
further  on  this  granite,  p.  54.)  The  pink  tint  fades  somewhat  on 
exposure. 

The  quarry,  opened  in  1905,  measures  about  135  feet  N.  55°  W.  by 
50  foot  across  and  40  feet  in  depth. 

Tlie  sheets,  from  1  to  8  feet  thick,  dip  45°  N.  25°  E.,  without  refer- 
once  to  present  surface.  Joints  A  strike  N.  70°  W.,  dip  about  60°  X. 
20°  E.,  and  S.  20°  W.  Of  this  set  there  are  two  at  the  south  end. 
Joints  C  strike  X.  30°  W.,  dip  90°  and  steeply  west,  and  form  east  and 
west  walls.  The  pink  granite  occupies  the  southern  half  of  the  quarr}' 
and  tlio  pea  green  tlie  northern  half.  The  rift  is  reported  as  vertical, 
nortli-soutli,  and  the  grain  as  horizontal.  Rusty  stain  is  from  8  to  12 
inches  thick.     The  strippiwg  \s  ^to\\\  ^  to  13  feet  thick. 
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The  plant  consists  of  2  derricks,  a  hoisting  engine,  a  steam  drill,  • 
and  a  steam  pump. 

Transportation  involves  cartage  of  neariy  1  *  miles  to  West  Quincy . 

The  product  up  to  October  17,  1906,  had  been  confined  to  cellar 
stone  and  curbing.  It  was  hoped,  however,  that  as  the  quarrj^ 
deepened  unaltered  gray  granite  suitable  for  monumental  use  would 
be  found.  If  the  pink  is  part  of  a  zone  of  slightly  metamorphosed 
surface  alteration  that  hope  will  be  realized. 

Ths  Goldrleaf  quarry  is  4,500  feet  N.  80°  W.  from  the  West  Quincy 
station.  (See. map,  PL  II,  No.  7.)  Operator,  The  Quincy  Quarries 
Company,  Quincy,  Mass. 

The  granite  (specimens  D,  XXVIII,  71,  a,  b)  ''Gold-leaf  Quincy" 
is  a  riebeckite-segirite  granite  of  medium  bluish-green  gray  color 
(a  trifle  lighter  than  67,  c,  the  ''hght"  of  Dell  Hitchcock  quarrjO 
speckled  with  black  and  yellow  brown.  Its  texture  is  medium  to 
coarse,  even  grained,  with  feldspars  up  to  0.5  inch  and  black  silicates 
to  0.3  inch,  and  yellow  brown  stains  to  0.5  inch,  but  the  quartz  areas 
are  finely  granular.  Its  constituents,  in  descending  order  of  abun- 
dance, are:  Medium  bluish-green-gray  potash  feldspar  (orthoclase, 
twinned)  minutely  intergrown  vdi\\  soda-lime  feldspar,  in  places 
granulated,  somewhat  kaolinized  and  epidotized,  and  containing 
many  minute  crystals  of  riebeckite,  to  which  with  the  epidote  the 
feldspar  owes  its  peculiar  color;  quartz,  clear  to  light  smoky,  almost 
without  cavities,  all  granulated  in  particles  mostly  under  1  milimeter, 
rarely  2  millimeters  in  diameter;  blue-black  riebeckite  and  green- 
black  ffigirite,  in  places  associated  with  linumite  (and  hematite?); 
soda-lime  feldspar  (albite  and  probably  oligoclase-albite)  in  small 
amount.  Fluorite  is  accessoiy.  Secondaiy  limonite  occui*s  in  irreg- 
ular areas,  mostly  not  related  to  the  particles  of  black  silicate,  and 
this  produces  the  yellow-brown  stains.  The  ei)i(lot(»  is  socondarj- 
also. 

An  estimate  of  the  mineral  percentages  by  the  Kosiwal  method, 
with  a  mesh  of  0.5  inch  and  a  total  linear  length  of  74  inches,  yields 
these  figures: 

Estimated  mineral  pcrontiujrs  hi  Gold-leaf  Quincy  (jranite. 

Feldspars ()7. 37 

Quartz 28.01 

Riebeckite  and  »girite 9.  G2 

1(K).  00 

As  compared  with  other  (Quincy  granites  those*  proi)ortions  approx- 
imate those  of  the  Wigwam  quarry  stone.  It  is  tlie  lightest  of  the 
.Quincy  monumental  granites.  The  contrasts  between  the  light 
bluish  green  of  the  feldspar  and  the  black  particles  and  the  yellow- 
brown  stains  are  marked.     Tlie  minute  partieYes  ol  ^T^\\vi\^V.^<i  q^"«l\Njl 
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reflect  the  light  and,  as  it  were,  spangle  the  surface,  and  where  the 
hmonite  stain  coincides  with  the  quartz  areas  the  yellow  brown  spots 
are  the  more  conspicuous.  Hence  the  trade  name  "Gold  leaf."  It 
takes  a  high  polish,  but  as  small  pits  are  apt  to  appear  in  the  quartz 
areas,  probably  owing  to  the  dropping  out  of  minute  quartz  particles, 
it  seems  better  adapted  to  indoor  ornamentation. 

The  quarry  is  about  125  feet  square,  and  from  20  to  over  50  in 
depth. 

Joints  A  strike  N.  80°  W.,  vertically  and  steeply  north,  form  the 
north  wall  and  are  spaced  about  50  feet.  Joints  C  strike  N.  10®  W., 
dip  30°  east,  form  3  headings  in  the  eastern  half,  and  are  spaced  4  to 
15  feet.  These  apparently  serve  as,  or  in  fact  are,  sheets.  Fine- 
grained gray  knots  of  group  1  (p.  95),  measure  6  inches  in  diameter. 

The  Quincy  Quarries  Company  owns  a  large  cutting  plant  a  few 
hundred  feet  southeast  of  this  quarry,  which  in  1906  was  let  to 
Robert  Cantley.  It  includes  an  overhead  crane  of  20  tons  capacity, 
an  air  compressor  (capacity  290  cubic  feet  of  air  per  minute),  one 
air  plug  drill,  35  air  hand  tools,  5  lathes  for  stones  21  feet  by  5  feet  6 
inches,  6  double  polishing  lathes  for  stone  up  to  22  feet  by  5  feet  6 
inches,  one  for  balls,  balusters,  and  small  work,  3  poUshers,  a  stone 
crusher,  and  a  151 -horsepower  engine  for  driving  the  lathes,  polishers, 
etc." 

This  quarry  was  idle  in  1906  as  were  also  2  other  openings  con- 
trolled by  the  same  company,  situated  a  few  hundred  feet  south  and 
southeast  of  it.^  Twelve  columns,  19  feet  6  inches  by  3  feet  4  inches 
have  been  obtained  from  the  "Gold-leaf"  quarry. 

Transportation  from  both  quarry  and  cutting  shed  is  by  sidings 
connected  with  the  Granite  branch  of  the  New  York,  New  Haven  and 
Hartford  Railroad,  as  shown  in  PI.  II. 

The  Rogers  quarry  is  at  the  north  foot  of  the  "Blue  Hills,"  1,500 
feet  northwest  of  the  West  Quincy  station  on  Willard  street.  (See 
map,  PI.  II,  No.  9.)  Operator,  The  Quincy  Quarries  Company, 
Quincy,  Mass. 

The  granite  (specimen  D,  XXVIII,  70,  d),  "extra  dark,"  is  a 
riebcckite-aegirite  granite  of  verj^  dark  purplish  gray  color  and  of 
medium  to  coarse  texture,  with  feldspars  up  to  0.5  and  black  silicates 
up  to  0.3  inch.  Its  constituents  are  like  those  of  the  Reinhalter 
and  the  Granite  Railway  "extra  dark"  granite,  described  on  pages 
107,  109.  Tlie  feldspars  have  more  wliitish  kaolinized  streaks,  hence 
the  general  shade  is  slightly  lighter  than  the  granites   referretl   to 

"  In  UKir.  500  l>alusters  of  Milford,  Mass..  pink  jrranite  wore  l>eing  finished  at  this  plant  for  the  Penc- 
sylviinia  Tt'rminal  Station  at  Now  York  under  a  contract  withthe  Milford  Stone  Company.     (See  p.  7*^  • 

''  One  of  those  openings,  known  as  the  Fulior  quarry  (PI.  II,  No.  21),  is  owned  by  the  Quincy  Granite 
Compjiny  Imt  lot  to  tho  Quincy  (Quarries  Company.  It  was  oj)ened  about  1850,  and  measure?  al»out 
(iOO  l>y  400  foot  and  \'A)  feet  in  depth.  The  Quincy  Granite  Company  now  confines  itself  to  cutting  and 
polishing. 
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(78,  a,  and  68,  c),  and  minute  hematitic  stains  account  for  its  more 
purplish  hue.     This  quarrj^  also  3'iel(ls  the  "dark/' 

The  quarry,  opened  in  1832,  measures  about  OOO  feot  from  north  to 
south  by  175  feet  across  and  from  40  to  150  feet,  or  an  average  of  95 
feet  in  depth. 

The  sheets  are  short  and  thick  lenses,  which  render  the  stnicture 
obscure  and  irregular.  Joint  coui-ses  are  shown  in  fig.  12.  Joints  A 
dip  90''  or  steeply  north  and  are  spaced  10  to  20  feet.  Joints  B,  dij>- 
ping  steeply  east,  form  headings  on  east  and  west  walls  and  are  spaced 
10  to  20  feet.  Joints  C,  dipping  50°  east,  form  a  heading  at  the  north- 
west comer,  the  faces  of  which  are  coated  with  ri(0)(»ckite,  and  are 
spaced  6  inches  to  4  feet.  (See  on  these  black  joints,  p.  GO.)  This 
heading  intersects  a  heading  of  B.  Joints  D,  diagonal,  dip  40° 
S.  45°  W.,  and  are  spaced  2  to  20  feet.  At  the  south  end  several 
faces  dipping  30°-00°  N. 
nlay  belong  to  A.  The 
rift  is  reported  as  vertical 
with  east-west  course  and 
the  grain  as  also  vertical, 
at  right  angles,  but  feeble. 

A  basic  dike,  2  feet 
thick,  at  the  north  end 
dips  65°  north.  Fine- 
grained aplitic  knots  prob- 
ably of  group  1,  page  95, 
occur.  The  largest  knot 
reported  was  3  by  1 J  feet. 
Rusty  stain  is  from  1  to 
12  inches  thick.  In  places 
all  the  granite  to  a  depth 
of  30  feet  is  somewhat  stained,  but  in  others  good  stone  occurs  at 
the  top.  At  the  south  end,  west  side,  the  granite  upon  exposure 
discolors  readily  to  a  medium  slightly  olive  gray.  Specimen  I), 
XXVIII,  70,  b,  described  on  page  54,  had  been  exposed  three  years 
at  a  point  30  feet  down.  In  thin  section  the  stain  is  seen  to  pro- 
ceed from  particles  of  riebeckite  and  ivgirite.  This  feature  marked 
the  stone  at  that  point  as  far  down  as  excavations  had  gone  in  11)06. 

The  plant  consists  of  5  derricks,  5  hoisting  engines,  an  air  com- 
pressor (capacity  290  cubic  feet  of  air  per  minute),  2  steam  drills,  S 
air  plug  drills,  and  a  stone  cnisher  (capacity  150  tons  pov  day). 

Transportation  is  effected  by  a  siding  from  the  Xcw  York,  New 
Haven  and  Hartford  Railroad. 

The  product  is  used  for  mcmuments,  and  the  waste*  for  road  mate- 
rial, etc. 


Fio.  12.    Structure  at  Rogers  qiiarr>',  West  Quim  y,  Muss. 
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The  following  two  quarries  are  in  Milton: 

The  Mount  Pleasant  quarry  is  at  the  northwest  foot  of  the  Blue 
Hills,  in  Milton  Township,  on  Lyman  road,  oS.  Pleasant  street.  (See 
map,  PI.  II,  No.  11.)  Operator  (1906),  The  Mount  Pleasant  Quarry 
Company,  H.  H.  Folsom,  receiver,  East  Milton,  Mass. 

The  granite  (specimen  D,  XXIX,  85,  a),  "dark  Quincy,"  is  a 
riebeckite-aegirite  granite  of  dark  bluish  gray  color,  a  trifle  lighter  than 
68,  b  C'dark  blue  railway '0;  aiid  with  a  more  bluish  tinge.  Its  tex- 
ture is  medium  to  coarse,  even-grained,  with  feldspars  up  to  0.5  inch 
and  black  silicates  to  0.3  inch.  Its  constituents,  in  descending 
order  of  abundance,  are:  A  medium  to  dark  bluish  gray  potash 
feldspar  (orthoclase,  mostly  twinned)  minutely  intergrown  with  soda- 
lime  feldspar,  in  places  soiriewhat  kaolinized,  with  unusually  abun- 
dant minute  crystals  of  riebeckite  and  some  particles  of  epidote,  also 
minute  orange-colored  hornblende  crystals;  quartz,  dark  smoky, 
with  very  slight  bluish  tinge,  containing  minute  cavities  and  black 
particles  in  intersecting  streaks  and  sheets;  blue-black  riebeckite  and 
green-black  aegirite  in  cases  intergrown;  soda-lime  feldspar  (albite 
and  probably  oligoclase-albite)  in  very  small  amount.  Accessory: 
Fluorite  and  allanite.  Secondary:  Kaolin,  epidote,  calcite,  limonite, 
and  probably  the  orange  hornblende. 

The  blueness  of  this  stone  is  clearly  due  to  the  abundant  riebeckite 
crystals  in  the  feldspars.  This  comes  out  on  the  poUshed  face.  (See 
specimen  88,  a,  which  is  identical,  but  from  the  adjoining  quarry, 
p.  119.) 

Mr.  George  Steiger,  chemist  of  the  United  States  Geological  Survey, 
extracted  from  this  granite  by  means  of  hot  dilute  acetic  acid  0.15 
per  cent  of  CaO  (lime),  which  indicates  a  content  of  0.26  per  cent  of 
CaCOg  or  calcite,  the  presence  of  which  mineral  is  also  shown  by  the 
microscope. 

The  quarry,  opened  in  1901,  measures  about  125  by  100  feet  and 
100  feet  in  depth. 

The  sheets,  from  5  to  27  feet  thick,  are  horizontal  and  turn  to  dip 
gently  east.  Some  of  the  sheet  surfaces  on  the  west  side  are  coated 
with  riebeckite.  (See  p.  60.)  Joints  B  strike  N.  10°  E.,  dip  90^ 
and  steeply  cast,  form  the  east  wall,  and  are  spaced  5  to  11  feet. 
Joints  A  strike  N.  60°  W.,  form  a  heading  on  the  south  side,  and  are 
spaced  2  to  15  feet.  Joints  E,  diagonal,  strike  about  northwest  and 
form  a  heading  near  the  west  wall,  which  has  a  dark-bluish  stone 
northeast  of  it,  but  inferior  light  stone  southwest  of  it.  Black 
riebockite-coated  joint  and  sheet  faces  abound  in  tliis  part.  The 
rift  is  reported  as  vertical  with  a  nearly  X.  10°  Vj,  course.  Rusty 
stain  is  iip  to  2  inches  thick  on  the  lower  sheets.  The  surface  has 
from  5  to  10  feet  of  stripping. 

The  plant  includes  3  derricks,  a  hoisting  engine,  a  hand  derrick, 
3  steam  drills,  and  a  pump. 


lO 
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Transportation  involves  cartage  of  2  J  miles  to  the  railroad  at  West 
Quincy  or  of  3  miles  to  cutting  sheds  at  Quincy. 

The  chief  product  is  used  for  monuments. 

The  Maguire  cfc  0^  Heron  quarry  is  at  the  northwest  foot  of  the  Blue 
Hills,  in  Milton  Townsliip,  about  800  feet  southwest  of  the  last  quarry, 
off  Pleasant  street.  (See  map,  PI.  II,  No.  10.)  Operator,  Maguire  & 
O'Heron,  East  Milton,  Mass. 

The  granite  (specimen  D,  XXIX,  88,  a),  ''dark  Quincy,'*  is  a  rie- 
beckite-segirite  granite  of  dark  l)luish  gray  color  like  that  of  the 
adjoining  Mount  Pleasant  quarry  (specimen  85,  a).  Its  texture  and 
constituents  are  also  identical. 

The  polished  face  brings  out  the  marked  bluish  tinge  of  the  feldspai-s, 
which  are  streaked  with  whitish  kaolinized  parts  and  contrast  some- 
what with  the  smoky  quartz,  but  much  more  with  the  black  silicates. 
This  stone  differs  from  the  "  dark  blue  railway  "  (specimen  D,  XXVIII, 
68,  h,  p.  109)  by  its  slightly  more  bluish  tinge,  which  is  due  to  the 
greater  abundance  of  microscopic  riebeckite  crystals  in  the  feldspars. 

An  estimate  of  the  mineral  percentages  by  the  Rosiwal  method, 
with  a  mesh  of  0.5  inch  and  a  total  linear  length  of  20  inches,  yields 
these  figures: 

Estimated  mineral  percentages  in  Quincy  granite  from  the  Maguire  &  0' Heron  quarry. 

Feldspars 55. 80 

Quartz 33.10 

Riebeckite  and  cegirite  (excluding  micro8<»opic  particles) 11. 10 

100.00 

The  quarry,  opened  in  a  small  way  about  1882,  but  in  a  larger  way 
in  1901,  measures  about  250  feet,  N.  35°  E.  by  from  75  to  150  feet 
across  and  70  feet  in  depth.  Its  width  at  north  and  south  ends  is 
irregular,  averaging  about  100  feet. 

The  sheets,  from  3  to  15  feet  thick,  dip  as  high  as  20°  southwest. 
Joints  B  strike  north,  dip  steeply  east,  form  a  50-foot  heading  on  the 
southwest  wall,  and  are  spaced  3  to  20  feet.  Joints  C  strike  N.  20°-25° 
W.,  dip  75°  ENE.,  and  form  a  heading  in  the  middle  of  the  south  end. 
Joints  D  strike  N.  35°  E.,  dip  vertically  and  steeply  west,  form  the 
east  and  w^est  walls,  and  are  spaced  3  to  100  feet.  The  rift  is  reported 
as  nearly  vertical,  with  a  north  course,  and  the  grain  as  horizontal. 
Quartz  veins,  from  1  to  3  inches  thick,  dipping  30°  southeast  and 
inclosed  in  belts  of  whitish  discoloration,  recur  at  intervals  of  3  to  18 
feet.  (See  pp.  48,  53.)  Rusty  stain  is  from  3  to  18  inches  thick  on 
the  lower  sheets. 

The  plant  consists  of  3  derricks  and  2  hoisting  engines,  2  air  com- 
pressors (capacity  130  and  230  cubic  feet  of  air  per  minute),  a  steam 
drill,  12  air  plug  drills,  IS  air  hand  tools,  3  polishei^s,  a  steam  pump, 
an  overhead  crane  (capacity  15  tons),  and  a  35-horsepower  engine 
for  the  cutting  shed. 
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Transportation  involves  cartage  of  nearly  a  mile  and  a  half  to  the 
cutting  shed  at  East  Milton  and  of  another  mile  to  the  railroad  at 
West  Quincy. 

The  product  is  used  mostly  for  monuments  and  the  waste  for  cellar 
stone.  Specimen  monuments:  The  Bradley  monument,  at  Purdy 
Station  N.  Y.,  monument  to  Samuel  Neilson,  the  Irish  patriot,  at 
Poughkeepsie,  N.  Y.;  the  Long  monument,  at  Mansfield,  Ohio;  the 
Patterson  monument,  at  Ashland,  Pa.;  the  Meehan  monument,  at 
St.  Joseph's  Cemetery,  Boston,  and  the  Mead  Chapel,  at  Lake  Wacca- 
buc,  N.  Y. 

The  last  of  the  Quincy  quarries  is  oji  the  southeast  side  of  the  Blue 
Hills. 

The  Sartori  quarry  is  on  Pine  Hill,  in  Quincy  Township,  close  to  the 
Braintree  line.  (See  map,  PI.  II,  No.  12.)  Operator,  Angelo  Sartori 
&  Brothers,  66  West  street,  West  Quincy,  Mass. 

The  granite  (specimen  D,  XXIX,  82,  a)  is  an  altered  riebeckite- 
segirite  granite  of  very  dark  dull  greenish-brownish  gray,  almost  with- 
out contrasts,  and  of  medium  to  coarse  even-grained  texture,  with 
feldspars  up  to  0.5  inch  and  altered  black  silicates  up  to  0.3  inch. 
Its  constituents,  in  descending  order  of  abundance,  are:  A  dark 
greenish -brownish  gray  nearly  opaque  potash  feldspar  (orthoclase, 
twinned) ,  some  of  which  is  minutely  intergrown  with  soda-lime  feld- 
spar. It  is  mostly  much  kaolinized  and  in  places  much  micacized, 
and  here  and  there  is  stained  with  hematite  (no  epidote  or  riebeckite 
crystals  were  detected  in  it);  smoky  quartz,  in  places  pinkish  from 
hematite  stain,  with  intersecting  streaks  or  sheets  of  cavities  and 
minute  black  particles;  riebeckite  and  eegirite  particles  completely 
altered  to  masses  of  greenish  biotite,  magnetite  (mostly  octahedral), 
carbonate,  and  quartz  with  some  chlorite  or  delessite;  very  little  soda- 
lime  feldspar  (oligoclase) ;  magnetite,  zircon,  allanite,  and  fluorite. 
There  are  also  (spherulites)  brownish  balls  of  radiating  fibrous  crys- 
tals, 0.02  to  0.1  millimeter  in  diameter,  some  of  which  polarize  Hke 
zircon.  Secondary:  Biotite,  a  white  mica,  carbonate,  chlorite  or 
delessite,  hematite,  and  magnetite. 

This  granite  differs  by  its  greenish-brownish  color  from  all  the 
other  Quincy  granites,  although  microscopically  it  approaches  the 
pinkish  of  the  Savo  quarry  (p.  114),  but  it  differs  from  that  by  the 
different  alterations  of  its  feldspars  and  black  silicates. 

The  qua^r3^  opened  in  1903,  measures  50  by  30  feet,  and  15  to  20 
feet  in  depth. 

This  is  a  bowlder  quarry.  Joints  A  strike  X.  77°  W.,  dip  45°  NXW., 
and  are  spaced  3  to  10  feet  .  Joints  C  strike  X.  10°  W.,  dip  90°,  and 
are  spaced  3  to  20  feet.     The  rift  is  reported  as  parallel  to  A. 

Tile  product  in  1900  had  been  found  adapted  only  to  bases,  curbing, 
and  paving. 
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ROCKPORT. 


Topography. — ^The  township  of  Rockport  occupies  the  eastern  and 
northern  part  of  that  insular  mass  on  the  Atlantic  coast  known  as 
Cape  Ann.  (See  Gloucester  sheet  of  United  States  Geological 
Survey  topographic  atlas.)  It  is  in  the  county  of  Essex,  in  north- 
eastern Massachusetts,  in  a  region  of  low,  roundish  or  oval,  granitic 
or  sandy  hillocks,  never  exceeding  180  feet  in  height,  and  of  marshes 
and  bowlder-strewn  sand  flats.  The  most  conspicuous  of  these  hil- 
locks is  Pigeon  Hill,  about  a  mile  north  of  Rockport  village,  which  is 
regarded  as  a  drumlin.  The  quarries  are  in  the  northern  part  of  the 
Cape,  scattered  along  the  shore  or  witliin  three-quarters  mile  of  it, 
from  Rockport  to  Bay  View.     (Sec  fig.  13.) 

General  geology, — The  physiography  and  geology  of  Cape  Ann 
have  been  interestingly  described  by  Shaler  and  Tarr." 

The  entire  Cape  is  represented  in  Shaler's  map,  PL  LXXVII,  as  of 
granite  but  traversed  at  very  frequent  intervals  by  diabase  dikes  and 
at  a  few  points  by  quartz  porphyry  dikes.  According  to  Sears^s 
geological  map  of  Essex  County,  hornblende  granite  covers  Halibut 
Point,  Rockport,  and  the  area  half  a  mile  east  of  Bay  View,  but  a 
quarter  of  a  mile  east  of  Bay  View  there  is  a  small  area  of  ''augite 
syenite.''  * 

The  geological  age  of  the  granite  is  not  yet  fully  determined.  The 
basic  dikes  may  be  Triassic.  They  range  from  one-half  inch  to  40 
feet  in  width.  Of  361  observed  by  Shaler  and  Tarr  266  he  in  the 
northwest  quadrant  and  more  than  half  in  the  45  degrees  between 
north  and  northwest.  They  conclude  from  numerous  observations 
of  dike  and  joint  courses  that  the  number  of  dikes  does  not  appear 
to  have  been  determined  by  the  number  of  incipient  fissures  afforded 
by  the  joints;  in  other  words  ^Hhat  the  conditions  which  guided  the 
direction  of  the  dikes  were  probably  due  to  some  feature  or  condition 
not  inherent  in  the  joints  themselves.'' 

Descriptionof  Rockport  granite. — The  more  recent  scientific  accounts 
of  Rockport  granite  are  those  of  Wadsworth,  Merrill,  Washington, 
and  Sears.*^  Cooke,  Clarke,  Penfield,  and  Forbes  have  described  cer- 
tain new  or  unusual  minerals  in  Rockport  granite.'' 

The  following  epitomizes  the  descriptions  of  rough  and  polished 
specimens  and  tliin  sections  of  tliis  granite  from  all  the  quarries  as 

a  See  Shaler,  N.  S.,  The  geology  of  Cape  Ann,  Mass.:  Ninth  Ann.  Kept.  U .  S.  Geol.  Survey,  1889,  pp. 
629-6U. 

I>  Seats,  J.  H.,  The  physical  'geography,  geology,  mifieralog>%  and  paleontologj'  of  Essex  County, 
Mass.:  Essex  Institute,  Salem,  Mass..  IQa"). 

c  Wadsworth, M.  E.,  Noteson  the  petrography  of  Quincy  and  Rockport:  Proc.  Boston  Soc.  Nat.  Hist., 
vol.19, 1881;  Merrill, G.  P.,  Report  Smithsonian  Institution,  188.=),  1889, pt.  2,p.  419:  Washington,  II.  S., 
The  petrographical  province  of  Essex  County,  Mass.:  Jour.  Geol..  vol.6  (8),  1898,  pp.  790-79«'>:  Sears, 
J.  H.,  op.cit.,pp.l50,153. 

<f  Cooke,  J.  P.,  Oncrj'ophyllite,  a  new  mineral  species  of  the  mica  family  with  some  associated  minerals 
in  the  granite  ol  Rockiwrt,  Mass.:  Am.  Jour.  Sci.(2),  vol.  43,  iwi7,  pp.  217-230:  also,  On  danalite  from 
-Bockport:  n)id.,  July,  18(iC  (p.  73);  Clarke,  F.  W.,()n  cryophyllite  from  Rockport:  Ibid.  (3),  vol.  32, 
1886,  p.  368;  Penfield,  8.  L.,  and  Forbes,  £.  H.,  Fayalito  from  Rockport,  Mass.,  etc. :  Ibid.  (4) ,  vol.  1, 1896, 

m.  ia»-i8i. 
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described  on  the  following  pages.     Analyses,  mineral  percentages, 
and  results  of  physical  tests  follow  the  rock  description. 

Rockport  granite  is  of  two  sorts,  the  first  and  most  abundant, 
kno>\Ti  commercially  as  ^'gray  granite,'^  is  a  hornblende  granite  of 


70*'40' 


Halibut  Point 

liocppole  €bre  * 

Andre wi  Point 


Quarry  site 


ContoTir  interval  20  feet 


Roads 


Fig.  13.  —Map  of  part  of  Cape  Ann,  Mass.,  showing  the  locations  of  Rockx>ort  granite  quarries.  1.  Flat 
Ledge  quarry,  Rockport  Granite  Company.  2,  ri){>or  Pit,  Kockport  Granite  Company.  3.  Fippon 
]lill  quarry,  IMgeon  Hill  Granite  Company.  4,  Upper  (juarry  of  Pigeon  Hill  Granite  Company. 
'),  l{al)soii  Fanu  quarry,  Rockport  (iranite  Company,  (i,  Nickerson  quarry,  \V.  E.  Nickerson. 
7,  Breakwater  quarry.  Breakwater  Construction  and  Knginet^ring  Company.  8.  Canney  qu;irry. 
Edwin  Canney.  9,  Devils  Rock  quarry,  William  K.  Ciicves.  10.  Cheves  Green  Granite  quarn. . 
William  R.  (  heves.  11,  Blood  l>edge quarry.  Rockport  Granite  Company.  12,  Deep  Pit.  Roekx>ort 
Granite  Company. 

medium  gray  shade  (in  places  with  sHglit  greenish  or  bluish  tinge) 

spotted   with   black.     Its   lexlAive  \s  wu^dvvuw  to   coarse   and   even 

graincdj  with  feldspars  n^  ^'^  ^  '^  oy  ^.b  "\we\\,  vi\\Oy.\\o\\^^\A^>\^\j^Q:Z 
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inch.  Its  constituents;  in  descending  order  of  abundance,  are  a  light 
gray  potash  feldspar  (orthoclase  with  or  without  microcline)  of  a 
silghtly  greenish  or  bluish  or  buff  tinge,  generally  twinned  and  mi- 
nutely intergrown  with  soda-lime  feldspar  (albiteto  oligoclase-albite), 
more  or  less  kaolinized;  quite  smoky  quartz  with  abundant  cavities 
(many  with  Uquid  and  vacuoles),  from  0.0043,  or  under,  to  0.02  mili- 
meter  in  diameter,  mostly  in  sheets;  black  hornblende,  in  places 
with  a  little  bluish-black  riebeckite  (p.  91);  very  Uttle  separate 
soda-Ume  feldspar  like  above;  and  very  little  black  mica  (biotite  or 
lepidomelane)."  The  accessory  minerals  are:  Magnetite,  pyrite, 
allanite,  fluorite,  zircon,  and  apatite.  The  secondary  are:  Hematite, 
limonite,  kaoUn,  some  black  hornblende,  and  calcite. 

Estimates  of  the  mineral  percentages  by  the  Rosiwal  method  yield 
the  following  results: 

Estimated  mineral  percentages  in  "  Rockport  Gray  Granite.'* 

Average. 

Feldspar.  55.50  to  59.60 : 57 .  97 

Quartz,  33.88  to  38.90 35.82 

Hornblende  and  mica,  5.60  to  7.26 6. 20 

Rockport  granite  is  said  to  be  **hard.''  These  estimates  show 
quartz  averaging  35.83  per  cent,  or  if  the  green  of  Bay  View,  given 
beyond,  be  averaged  with  the  gray,  34.85  per  cent,  whereas  the 
average  amount  of  quartz  in  five  tests  of  Quincy  granite  is  30.60 
per  cent  (p.  93),  in  Conway  red  granites  28.62  per  cent  (p.  180),  and 
in  the  Redstone  granite  of  Westerly,  R,  I.  (p.  200),  29.87  per  cent. 
This  extra  6  per  cent  of  quartz  may  be  sufficient  to  account  for  the 
hardness. 

H.   S.   Washington^  gives   the   following   analysis   of    Rockport 

granite: 

Analysis  of  Rockport  granite. 

[By  IL  S.  Washington.] 

SiOaCsiUca) 77.61 

TiOj  (titanium  dioxide) 1 25 

AljOj  (alumina) 11.  94 

FejOa  (i^^  scsquioxide) 55 

FeO  (iron  oxide) 87 

MnO  (manganese  oxide) Trace. 

MgO  (magnesia) Trace. 

CaO  (lime) 31 

Na20(8oda) 3.80 

KaO  (potash) 4.98 

HjO  (water)  1 10- Trace. 

H3O  (water)  110+ignition 23 

100.54 
Specific  gravity  2.618  at  18*^  ('. 

aWaahiDgton,  H.  S.,  op.  cit.,  p.  793,  reports  2  varieties  of  biotite,  one  ver>'  Po\e  green,  probably  cryo- 
lAyllite  of  Cooke,  the  other  darker  greenish  gray,  lepidomclane  (annite) .  CUirke.  F.  W.,  op.  cit.,  shows 
that  flervral  varieties  of  biotite  occur. 

60p.  dt.,  p.  793.    On  p.  794  he  gives  those  estimatos  of  the  mineral  i)ercentages  based  iparlV^  «iXN. 
tbe  analysia  and  iwrtly  on  microseopie  obser\'ation:   Feldspara  50.2  "pijt  cciiX,  cvv\«l.^\.-i.  *it^.^  ^^  wx\\.> 
liomblende  and  two  biotjtes  3.8  pt*r  cent,  accessory  miuoTals  O.b  p«T  ccnX.    '\i\v<i  ^i!^x<i  \ot  ojaaxVu 
I  rmydotety  with  that  obtained  by  the  Rosiwal  method. 
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Messrs.  Steiger  and  Sullivan,  chemists,  of  the  United  States  Geo- 
logical Survey,  find  that  this  granite  contains  from  0.14  to  0.20  per 
cent  of  CaO  (lime)  soluble  in  hot  dilute  acetic  acid,  which  indicates 
the  presence  of  from  0.25  to  0.35  per  cent  of  CaCOj  Gime  carbonate), 
calcite.     (See  pp.  125,  129.) 

Owing  to  the  black  siHcate  being  almost  entirely  hornblende  the 
stone  takes  a  very  high  poUsh.  The  contrasts  of  shade  between  the 
gray  feldspar,  smoky  quartz,  and  black  hornblende  are  much  more 
marked  on  the  poUshed  than  on  the  rough  face. 

The  other  variety  of  Rockport  granite,  known  as  '* green  granite," 
is  also  a  hornblende  granite,  but  of  somewhat  dark  oUve-gray  color 
spotted  with  black. 

Its  texture  is  medium  to  coarse,  even  grained,  with  feldspars  up  to 
0.3  and  0.5  inch  and  hornblende  up  to  0.2  inch.  Its  constituents, 
in  descending  order  of  abundance,  are:  Medium  oHve-gray  feldspars, 
like  those  of  the  gray  variety,  sUghtly  yellow-greenish  smoky  quartz, 
black  hornblende  and  biotite  (black  mica),  together  with  accessory 
magnetite,  zircon,  and  allanite,  and  secondary  kaolin,  Umonite,  and 
calcite.  The  feldspar  varies  in  the  same  particle  from  an  oUve  green 
to  a  scarcely  greenish  milk-white.  Limonitic  stain  is  visible  in  the 
rift  and  other  cracks  of  both  feldspar  and  quartz.  This  stain  seems 
to  originate  in  particles  of  allanite  and  magnetite,  in  the  biotite  and 
hornblende,  and  partly  in  minute  ferruginous  particles  in  the  feldspars 
not  distinguishable  from  kaolin.  Quarrymen  state  that  this  stone, 
which  when  first  quarried  is  a  dark  gray,  becomes  greenish  after  an 
exposure  of  three  to  four  hours  to  rain.  It  is  also  stated  that  the 
green  granite  loses  some  of  its  color  on  continued  exposure  about  the 
quarry.  Specimens  of  this  sUghtly  faded  green  granite  show  that, 
while  the  feldspars  have  lost  a  little  of  their  greenness,  that  color  is 
preserved  in  the  quartz. 

An  estimate  of  the  mineral  percentages  in  this  granite  by  the 
Rosiwal  method  yields  the  following  results: 

Estimated  mineral  percentages  in  Rockport  green  granite. 

Feldspars 58. 45 

Quartz 3L  95 

Hornbleude 9.  60 


100.00 


This  granite  takes  as  high  a  polish  as  the  gray  but  its  contrasts 
are  less  marked. 

Besides  these  granites  there  is  near  Bay  View  a  dark  brownish- 
gray  rieheckite-a3girite-bi()tite  granite,  wliich  has  only  been  pros- 
pected, and  is  descril)e(l  on  page  139,  and  also  near  Pigeon  Cove  a 
beautiful  diabase^  ])()rpli}Ty,  which  is  as  yet  little  worked.  This  is 
described  on  page  139.     Finally  there  is  the  bright  rust-colored  *'sap'' 
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referred  to  on  page  57,  which  is  unusually  abundant  in  some  of  the 
Rockport  quarries.  This  has  been  used  by  architects  in  the  basements 
of  several  private  residences  on  the  Cape.  The  office  of  the  Rock- 
port  Granite  Company  and  the  Rockport  Carnegie  Library  are  made 
of  it.  In  both  buildings  the  fresh  gray  granite  has  been  used  for 
trimmings.     The  resulting  contrast  is  pleasing. 

Geology  of  Rockport  quarries, — The  conspicuous  feature  of  the 
Rockport  quarries  is  the  large  number  of  basic  dikes  which  traverse 
them.  Some  of  these  are  shown  in  PI.  V,  A  and  B,  Their  courses 
are  given  in  the  quarry  descriptions.  One  attains  a  thickness  of  18 
feet.  They  are  mostly  diabase  (soda-Ume  feldspar,  augite  more  or 
less  altered  to  hornblende,  magnetite,  and  biotite).  One  was  found 
to  contain  both  augite  and  hornblende  but  no  mica.  The  dike 
matter  was  erupted  through  deeply  parted  joints.  Contemporaneous 
with  them  was  the  irregular-shaped  injection  described  on  page  50 
and  also  shown  in  PI.  V,  B,  The  faulting  of  the  large  dike  in  the 
saEme  quarry  shows  that  a  crustal  movement  affected  the  region 
after  the  crystaUization  of  the  dike  material.  The  injection  of 
molten  matter  into  cold  granite  was  not  without  effect,  for  the  stone 
on  either  side  of  these  dikes  is  apt  to  be  darkened.  A  thin  section 
of  this  darkened  granite  from  the  Flat  Ledge  quarry  (p.  127)  shows 
it  traversed  by  minute  parallel  or  converging  fractures,  0.004  to  0.04 
inch  apart.  The  intervening  material  is  broken  into  angular 
slivers,  and  the  walls  of  the  fractures  are  coated  \dth  chlorite,  and 
the  adjacent  feldspars  are  partly  altered  to  mica.  The  darker  shade 
of  the  granite  is  thus  due  to  the  secondary  minerals,  the  formation  of 
which  was  made  possible  by  the  cracking  of  the  quartz  and  feldspar. 

Segregations  (knots)  are  not  uncommon  in  Rockport  granite,  but 
at  Halibut  Point,  the  extreme  north  end  of  the  Cape,  in  the  Babson 
Farm  quarry,  there  is  one  of  unusual  character.  It  is  8  by  4  by  2i 
feet,  and  consists  mainly  of  feldspar  and  quartz.  The  feldspar  is  a 
somewhat  kaolinized  light  -  grayish  potash  feldspar  (microcline) 
minutely  intergrown  vdih  soda-hme  feldspar  (oligoclase-talbie)  and 
containing  a  few  particles  of  quartz.  The  cleavage  of  the  feldspar 
has  in  places  a  marked  curvature.  The  ([uartz  is  amethystine 
smoky,  in  particles  up  to  2  feet  across,  and  has  cavities  from  0.00285 
to  0.0285  millimeter  in  diameter.  In  the  center  of  tliis  knot  is  a 
mass,  6  by  2  inches,  of  a  yellow-browTiish  mineral  of  the  augite  group, 
which  Mr.  Johannsen  determines  as  bronzite,  a  silicate  of  magnesia 
with  60  per  cent  of  siUca  and  40  per  cent  of  magnesia. 

The  pegmatite  dikes  contain  some  bright  green  feldspar  (amazon 
stone).  A  4-inch  dike  of  aplite  is  bordered  by  pegmatite  1  to  2 
inches  thick. 

Although  some  of  the  data  obtained  from  the  ([uarrymen  as  to 
rift  and  grain  appear  to  be  incorrect,  o\\dng  to  their  confounding  rift 
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and  grain  or  else  to  inaccurate  observation,  the  courge  of  the  rift 
appears  to  be  east-west  and  generally  vertical  and  the  grain  hori- 
zontal. Rift  and  grain  cracks  can  be  detected  in  the  quartz  areas  of 
poUshed  surfaces. 

Sheet  structure  is  generally  imperfect,  owing  either  to  the  shortening 
of  the  lenses  by  increase  in  the  curvature  of  the  fractures  or  to  the 
low-dipping  joints  which  intersect  them,  or  else  to  incomplete  devel- 
opment. In  some  places  the  ^'toe-nail  structure"  enhances  the 
difficulties. 

The  joints  at  the  11  quarries  in  operation  have  the  following 
courses:  About  north,  N.  25°  E.,  N.  30°-40°  E.,  N.  60*^-75°  E.,  about 
east-west,  N.  15°-20°  W.,  N.  30°-45°  W.,  and  N.  55^-70°  W.  The 
courses  noted  at  the  largest  number  of  quarries  were:  N.  30°-40°  E., 
N.  30°-40°  W.,  N.  60°-75°  E.,  and  the  east-west  ones. 

At  the  Upper  Pigeon  Hill  quarry  a  compressive  strain  in  all  lateral 
directions  results  in  undulating  fractures  and  binds  the  chisels  in 
channeUng. 

The  Rockport  quarries. —  The  Flat  Ledge  quarry  is  half  a  mile  north- 
northwest  of  Rockport  and  80  feet  west  of  Sandy  Bay.  (See  fig.  13.) 
Operator,  Rockport  Granite  Company,  Rockport,  Mass. 

The  granite  (specimens  D,  XXVIII,  24,  a,  f),  *' Rockport  gray," 
is  a  hornblende  granite  of  medium-gray  shade  with  a  slight  bluish- 
green  tinge  and  inconspicuous  black  spots.  In  lai^e  masses  its 
general  color  is  bluish  gray.  Its  texture  is  mediimi  to  coarse,  even 
grained,  with  feldspars  up  to  0.5  and  hornblende  to  0.2  inch.  Its 
constituents,  in  descending  order  of  abundance,  are:  A  Ught-gray, 
slightly  blue-greenish  potash  feldspar  (orthoclase,  some  of  it  twinned, 
and  microcline),  minutely  intergrown  with  soda-lime  feldspar  and 
somewhat  kaolinized;  very  smoky  quartz;  black  hornblende;  and 
very  little  separate  soda-lime  feldspar  (oUgoclase-albite) ;  together 
with  accessory  magnetite,  molybdenite,  purple  fluorite,  and  zircon; 
and  secondary  kaolin  and  calcite. 

Mr.  George  Steiger,  chemist,  of  the  United  States  Geological  Survey, 
finds  that  it  contains  0.20  per  cent  of  CaO  (Hme)  soluble  in  hot  dilute 
acetic  acid,  which  indicates  the  presence  of  0.35  per  cent  of  CaCOj 
(lime  carbonate)  calcite. 

The  stone  takes  a  \^vy  high  polish  and  hammers  somewhat  light. 

The  quarry,  opened  about  1855,  moasures  about  1,100  feet  from 
northwest  to  southeast  by  1,000  feet  across  and  from  45  to  120  feet 
in  (leptli,  but  it  is  only  worked  in  its  northern  part. 

The  slieets,  from  G  inches  to  30  feet  thick,  are  horizontal  in  the 
southern  part,  dip  25°  NW.  on  the  east  side,  and  in  the  center  dip 
about  20°  S.  One  set  of  joints,  striking  N.  15°  W.  and  dipping  05^ 
WSW.,  is  spaced  8  to  15  feet.  Another  set,  striking  N.  60°  W.  and 
dipping  80°  NNE.,  is  spaced  2  to  25  feet.     The  rift  is  reported  as 
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dipping  20°  about  S.  and  the  grain  as  vertical  with  a  N.  15°-20°  E. 
course.  A  medium-grained  pegmatite  dike  5  feet  thick,  striking 
N.  30°  W.  and  dipping  25°  E.,  consists  of  potash  feldspar  (microcline 
and  orthoclase),  smoky  quartz,  soda-lime  feldspar  (oligoclase  to 
andesine),  garnet,  and  zircon.  A  coarse-grained  dike,  not  examined 
microscopically,  consists  of  a  cream-colored  feldspar,  in  places  bright 
green,  smoky  quartz,  black  and  possibly  other  varieties  of  mica,  and 
garnets.  Basic  dikes  strike  N.  1C°  E.,  N.  15°  W.,  and  N.  60°  W., 
dipping  40°,  70°,  and  90°.  The  discolored  granite  adjacent  to  one  of 
these  was  examined  and  has  been  described  on  page  125.  Rusty 
stain,  from  one-fourth  to  2  inches  thick,  is  very  abundant  and  bright, 
particulariy  along  the  joint  faces.     (See  pp.  57,  125.) 

The  equipment  of  the  quarry,  combined  with  that  of  the  adjoining 
"upper  pif  quarry  of  same  firm,  will  be  found  on  page  128. 

Transportation  is  effected  by  means  of  an  800-foot  track  to  cutting 
shed  and  wharf. 

The  lower  story  of  the  Providence,  R.  I.,  post-office  is  made  of 
stone  from  this  quarry.  Paving  and  crushed  stone  and  riprap  form  a 
considerable  part  of  the  product,  in  tons,  of  the  several  quarries 
operated  by  this  company.  In  1905,  32,000  tons  of  paving  blocks 
and  30,000  tons  of  riprap  were  produced,  as  against  50,000  of  rough 
stone  and  12,000  of  dressed  stone. 

The  ^' upper  pit^^  of  RocJcport  Granite  Company  lies  west-southwest 
of  the  Flat  Ledge  quarry,  about  half  a  mile  northwest  of  Rockport. 
(See  fig.    130     Operator,    Rockport   Granite   Company,    Rockport, 


The  granite,  "Rockport  gray,"  is  a  hornblende  granite  identical 
with  that  of  the  Flat  Ledge  quarry.     (See  p.  126.) 

An  estimate  of  the  mineral  percentages  in  this  stone,  made  by  the 
Rosiwal  method,  with  half-inch  mesh  and  total  linear  length  of 
20  inches,  yielded  the  following  results: 

Estimated  vixneral  percentages  in  Rockport  gray  granite  from  '^vpper  pit'^  of  Rockport 

Granite  Company. 

Feldspars 55.  50 

Quartz 38.  90 

Hornblende 5.  60 

100.00 

The  quarry  measures  about  625  feet  from  northwest  to  soutlieast 
by  325  feet  across,  and  averages  100  feet  in  depth,  but  there  is  an 
intermediate  opening,  150  by  125  feet,  averaging  40  feet  in  depth. 

The  sheets,  from  4  to  35  feet  thick,  dip  20°  about  east.  One  set  of 
joints  strikes  N.  30°  E.,  dips  50°  W.,  and  is  spaced  down  to  10  feet; 
another  strikes  about  N.  30°  W.,  dips  30°-50°  E.,  and  is  spaced 
down  to  5  feet.     A  third  set,  in  the  intermediate  opening,  strikes 
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N.  70°  E.,  dips  steeply  south-southeast,  and  is  spaced  10  to  25  feet. 
A  fourth  set,  **bHnd  seams,"  strikes  east-west,  dips  50°  S.,  recurs  at 
very  irregular  intervals,  and  is  not  stained  with  limonite.  The  rift  is 
reported  as  striking  N.  80°  W.  and  dipping  75°-80°  S.  The  grain 
is  probably  like  that  in  the  Flat  Ledge  quarry.  There  are  4  basic 
dikes  on  the  east  and  west  sides  striking  N.  15°  W.  and  dipping  70° 
E.,  and  an  8-foot  dike  in  the  smaller  opening  striking  N.  70°  W.  and 
dipping  steeply  north-northeast.  A  dike  of  aphte,  4  inches  wide, 
with  a  border  of  pegmatite  1  to  2  inches  thick  with  bright  green 
feldspar,  strikes  N.  55°  E.     Gray  knots  measure  up  to  12  inches. 

The  combined  plants  of  the  '^ upper  pit"  and  Flat  Ledge  quarry 
include  14  derricks,  a  hoisting  engine,  7  large  air  drills,  25  air  plug 
drills,  and  6  steam  pumps.  Compressed  air  is  furnished  by  the  cut- 
ting plant  on  the  wharf. 

The  cutting  plants  of  the  Rockport  Granite  Company  are  on  the 
wharf  near  the  Flat  Ledge  quarry  and  at  Bay  View  near  the  other 
quarries  of  the  company.  They  comprise  3  ^' stiff -legged"  derricks, 
one  of  them  with  *'bull  wheel"  and  a  three-drum  engine,  3  locomo- 
tive cranes,  2  air  compressors  (capacity  1,400  and  350  cubic  feet  of 
air  per  minute),  10  air  plug  drills,  6  air  hand  tools,  6  surfacers,  a 
McDonald  surfacer  for  stones  up  to  8  feet  wide,  a  set  of  6  saws  for 
blocks  20  feet  long,  3  stone  lathes  (one  for  stones  30  by  3  feet,  two  for 
stones  12  feet  by  20  inches) ,  3  polishing  lathes  for  stones  of  above  sizes, 
6  vertical  polishers,  and  4  horizontal  polishers;  also  a  stone  crusher 
with  a  capacity  of  200  tons  per  day. 

Transportation  is  effected  by  a  track  of  1,500  feet  to  wharf. 

In  1906  this  quarry  was  furnishing  part  of  the  granite  for  the  piers 
and  tower  of  the  Cambridge-Boston  bridge  over  the  Charles  River, 
and  also  for  the  anchorage  of  Manhattan  Bridge  No.  3  on  the  New 
York  side. 

The  Pigeon  Hill  quarry  (^^ lower  quarry"  of  this  company)  is  at  the 
south  foot  of  Pigeon  Hill,  one-third  mile  west  of  the  shore  and  a  mile 
north-northwest  of  Rockport.  (See  fig.  13.)  Operator,  Pigeon  Hill 
Granite  Company,  Rockport,  Mass. 

The  granite  (specimens  D,  XXVIII,  34,  a,  b)  is  a  hornblende 
granite  of  medium-gray  shade  with  a  slight  bluish-green  tinge  and 
inconspicuous  black  spots.  Its  texture  is  medium  to  coarse  and 
even  grained.  In  texture,  general  color,  and  constituents  this  stone 
appears  to  be  identical  with  that  of  the  Flat  Ledge  and  ^^ upper  pit" 
of  the  Rockport  Granite  Company.  The  only  discernible  difference 
is  that  the  Pigeon  Hill  stone  shows  less  quartz  and  a  slighth*  lighter 
shade  in  tlic  feldspar.  The  thin  sections  also  show  the  presence 
along  with  the  black  hornblende  of  a  little  blue-black  riebeckite  (soda 
hornblende)  and  of  a  little  biotite  (black  mica).  Allanite,  apatite, 
and  pjTitc  appear  also  among  the  accessories.     There  is  some  sec- 
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ondary  brown  hornblende  filling  microscopic  cracks  in  the  feldspar, 
also  a  little  secondary  hematite  and  limonite  stain.  Some  cavities  of 
irregular  outline  in  the  quartz  measure  up  to  0.02  millimeter,  others 
of  oval  or  roundish  form,  with  liquid  and  vacuoles,  measure  up  to 
0.0043  milluneter. 

An  estimate  of  the  mineral  percentages  in  this  granite,  made  by 
the  Rosiwal  method,  with  half-inch  mesh  and  a  total  linear  length  of 
30  inches  yields  the  following  results: 

Estimated  mineral  percentages  in  gray  Rochport  granite  from  the  Pigeon  Hill  quarry. 

Feldspars 58.  86 

Quartz 33.  88 

Hornblende ^ 7.  26 

100.00 

A  chemical  analysis  of  this  stone  by  H.  S.  Washington  is  given  on 
page  123.  Mr.  E.  C.  Sullivan,  chemist,  of  the  United  States  Geological 
Survey,  finds  that  it  contains  0.14  per  cent  of  CaO  (lime)  soluble  in 
hot  dilute  acetic  acid,  which  indicates  a  content  of  0.25  per  cent  of 
CaCOj  (lime  carbonate),  calcite. 

The  following  data  as  to  the  compressive,  compressed  elastic,  shear- 
ing, and  transverse  strengths  of  this  granite  were  obtained  by  tests 
made  at  the  United  States  arsenal  at  Watertown,  Mass.,  in  1894 
from  stone  quarried  during  the  previous  month : 

Compressive  strength. — Tests  Nos.  6871,  6872,  6870,  cubes  obout  4  inches  square. 
First  crack  at  79,000,  86,000,  94,000  pounds.  Ultimate  compressive  strength  in 
prmnds  per  square  inch,  20,716,  20,522,  and  17,772.  Direction  of  rift  and  gmin  in 
cubes  not  given. 

Compressed  elastic  strength. — The  block  tested  measured  24  by  4.01  by  0.06  inches. 
Weight,  54.5  pounds.  Weight  per  cubic  foot,  161.5  pounds.  Sectional  area,  24.3 
inches  square.  Pressure  applied  endwise.  Under  a  pressure  of  1,000  i)()unds  per 
square  inch  the  compression  in  a  gauged  length  of  20  inches  was  0.0031  inch.  Under 
2,000  pounds  it  ranged  from  0.0063  to  0.0078  inch.  Under  4,000  pounds  it  ranged 
from  0.0116  to  0.0129  inch.  Under  6,000  pounds  it  ranged  from  ().01()2  to  0.0175  inch. 
Under  8,000  pounds  it  ranged  from  0.0208  to  0.0209  inch.  Under  10,000  pounds 
from  0.0253  to  0.0258  inch;  and  under  12,000  pounds  it  wi\s  0.0297  inch. 

Shearing  strength. — Dimensions  of  block  12  by  6  by  4  inch(*s,  distance  apart  of  sup- 
ports 6  inches,  width  of  plunger  5  inches.  Tests  Nos.  6S79,  6880.  First  tension 
fractures  midway  between  supports  at  45,400  and  38,600  pounds.  Shcivring  fractures 
developed  later  near  edge  of  one  support.  Shearing  strength  2,047  and  1,052  pounds 
per  square  inch  of  shearing  area. 

Transverse  strength. — Dimensions  of  block,  length  24,  width  6,  breadth  4  inches 
(decimals  omitted).  Length  between  end  supports  19  inches.  Tests  Xos.  (■)S82, 
6883.  Ultimate  strength  12,320  and  12.480  pounds  per  srjuare  inch,  equaling  a 
modulus  of  rupture  of  2,404  and  2,41  (J,  respectively.  This  was  computed  by  the 
formula: 

^^-2bd-= 

It  takes  a  very  high  poHsh  and  hammers  rather  hght. 
50193— Bull.  :i54— OS 9 


130 


COMMEBCIAL  GRANITES  OP  MASS.^  N.  H,,  AND  B.  I. 


The  quany,  opened  about  1871,  measures  about  625  feet  on  the 
northeast  side  and  700  feet  on  the  southwest  side  by  450  to  500  feet 
across  and  from  40  to  80  feet  in  depth. 

The  sheets,  6  to  10  feet  thick,  dip  northeast  about  10°  in  the 
northern  part  of  the  quarry,  but  10°  to  30°  SE.  in  the  southeastern 
part.  The  joint  and  dike  courses  are  shown  in  fig.  14.  Joints  A  dip 
75°  N.,  are  spaced  3  to  10  feet,  and  abound  in  the  southern  part. 
Joints  B  dip  55°  W.,  exceptionally  55°  E.,  and  are  spaced  2  to  20 
feet.  In  the  southwestern  part  the  closeness  of  these  joints  pre- 
cludes the  quarrying  of  large  blocks.  Joints  C  dip  steeply  west. 
The  rift  is  reported  as  horizontal  but  feeble,  and  the  grain  as  ver- 
tical with  northwest  course.  Dike  a,  10  to  12  inches  thick,  dipping 
65°  W.  and  forming  the  west  side  of 'quarry,  is  a  fine-grained  diabase 
consisting  of  soda-lime  feldspar  (andesine),  hornblende  from  altera- 
tion of  augite,  magnetite,  and  black  mica.     Dike  ft,  18  inches  thick, 


Fig.  14.—  Structure  at  Pig(»on  nillquarry,  Rockport,  Mass. 

dii)ping  75°  SW.,  forms  the  north  wall;  and  dike  r,  12  inches  thick, 
dipping  75°  WSW.,  crosses  the  center  of  quarry.  Knots  measure 
up  to  10  by  7  inches  and  rusty  stain  up  to  6  inches  on  sheet  surfaces. 

The  i)lant  consists  of  3  derricks,  a  hoisting  engine,  a  large  air  drill, 
3  air  plug  drills,  and  a  steam  j)ump.  The  company's  cutting  plant, 
which  receives  material  from  both  of  its  quarries,  comprises  3  der- 
ricks, 3  hoisting  engines,  a  locomotive  crane,  an  air  compressor 
(capacity  1,000  cubic  foot  of  air  per  minute)  wliich  sui)plies  both 
quarries,  5  surfacors,  2  air  plug  (Irills,  16  air  hand  tools,  and  a  stone 
cruslior  with  a  ('aj)acity  of  160  tons  per  day. 

Transj)()rtatioii  is  offoctod  by  horsepower  and  an  inclined  track 
ono-third  inilo  loiijj:  to  wharf. 

The  prochict  ^^oos  chioflv  into  buildings,  but  partly  into  paving 
and  ripraj)  for  hroakwator  uso.  Specimen  structures:  The  Charles- 
town,  Mass.,   Higii  School,  entire;    Bradford  Memorial  Chapel,   at 
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Gloucester,  Mass.;  The  Chelsea,  Mass.,  viaduct  over  Boston  and 
Maine  Railroad  at  Mystic  Wharf.  In  1006  this  ([uarr^'  was  furnish- 
ing stone  for  the  Union  National  Bank  at  Pittsburg. 

The  Tipper  Pigeon  IliU  guarry  is  about  a  mile  northwest  of  Rock- 
port,  and  one-third  mile  southwest  of  Pigeon  Hill.  (See  fig.  13.) 
Operator,  Pigeon  Hill  Granite  Company,  Rockport,  Mass. 

The  granite  is  a  hornblende  granite  of  medium  gray  shade,  with 
slight  bluish-green  tinge  and  inconspicuous  black  si)ots.  Its  texture 
is  medium  to  coarse  and  even  grained.  It  is  identical  in  composition 
with  the  stone  of  the  lower  quarry  of  this  firm  described  on  page  128. 

The  quarry,  opened  about  1876,  measures  about  800  feet  in  a 
N.  35°  E.  direction  by  450  feet  N.  65°  W.,  and  from  50  to  100  feet  in 
depth. 

The  sheets,  from  4  inches  to  12  feet  thick,  dip  mainly  west  as  high 
as  10°.  Thin  sheets  are  confined  to  the  upper  20  feet.  The  sheet 
structure  is  generally  regu- 
lar, as  shown  in  PI.  V,  A- 
Joint  and  dike  courses  are 
given  in  fig.  15.  Set  A  is 
vertical  and  spaced  from 
7  to  50  feet.  Set  B  dips 
20°  south,  and  is  spaced 
50  feet.  Its  low  inclina- 
tion confuses  the  sheet 
structiu'e  in  places.  Set 
0  dips  55°  west,  and  is 
spaced  10  to  50  feet. 
Set  D,  exceptional  and 
intermittent,  dips  75°  NE. 
Set  E,  also  exceptional, 
dips  75°  SSE.  The  rift  is 
reported  as  vertical  with  N.  70°  W.  course  and  the  grain  as  horizontal. 
There  are  3  or  more  ])asic  dik(\s  from  12  to  18  inches  thick:  Dike  a 
forms  the  northeast  wall;  dike  6,  about  350  feet  from  a,  dips  (S()°  north- 
east, and  dike  c,  300  feet  soutliwesi  of  a,  is  vertical.  The  intersection 
of  the  sheets  by  the  central  dike  is  well  shown  in  PI.  \j  A.  Knots  are 
reported  as  not  over  2  feet,  but  rarely  up  to  10  ])v  5  feet.  Rusty  stain 
is  from  one-half  inch  to  1 2  inches  tliick. 

The  plant  consists  of  3  derricks,  3  lioisting  engin(»s,  3  large  air  rock 
drills,  5  air  plug  drills,  and  3  steam  pumps.  The  cutting  plant  has 
been  given  on  page  1 30. 

Transportaticm  is  clFected  by  an  inclined  track  of  half  a  mile  to  the 
wliarf . 

The  product  is  used  largely  in  Cimstruction.  In  19()()  some  of  it  was 
being  used,  under  a  subcontract,  in  the  tower  on  tlie  southeast  comer 
of  the  Cambridge  and  Boston  l)ridge  over  the  Charles  River. 


Fig.  15.— Structiiro.  at  Uppt?r  Pigoon  Hill  quarry,  Rockport, 
Mass. 
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The  Bahson  Farm  quarry  is  at  the  north  end  of  the  cape,  near  Halibut 
Point,  2i  miles  north-northwest  of  Rockport.  (See  fig.  13.)  Opera- 
tor, Rockport  Granite  Company,  Rockport,  Mass. 

The  granite  (specimen  D,  XXVIII,  25,  d)  is  a  hornblende  granite  of 
somewhat  dark  greenish-gray  shade.  It  is  markedly  darker  than  the 
granite  of  the  Flat  Ledge  and  Pigeon  Hill  quarries.  Its  texture  is 
medium  to  coarse,  even  grained,  with  feldspars  up  to  0.5  inch  and 
hornblende  up  to  0.3  inch.  Its  constituents,  in  descending  order  of 
abundance,  are:  Medium  greenish-gray  potash  feldspar  (orthoclase) 
intergrown  with  soda-lime  feldspar,  and  in  places  much  kaolinized; 
very  smoky  quartz  with  parallel  sheets  of  cavities  and  abounding  in 
prismatic  grayish  crystals  up  to  0.02  millimeter;  black  hornblende  and 
very  little  separate  soda-lime  feldspar  (oligoclase-albite).  Accessory 
minerals  are:  Magnetite,  zircon,  and  apatite.  Secondary:  Kaolin, 
limonite,  hematite,  and  chlorite,  the  last  in  cracks  and  isolated  parti- 
cles within  the  feldspar,  also  along  the  boimdaries  of  particles.  To 
this  mineral  and  to  the  limonite  the  feldspar  owes  its  greenish  tinge. 

The  quarry,  opened  about  1897,  measures  about  350  feet  in  a  north- 
east direction  by  150  feet  across  and  from  40  to  50  feet  in  depth. 

Sheet  structure  is  normal.  The  sheets,  from  4  inches  to  15  feet 
thick,  increasing  in  thickness  downward,  are  horizontal  or  dip  10° 
NW.  There  are  4  sets  of  joints.  Set  A,  striking  N.  40*^  E.,  dipping 
75°  SE.  or  90°,  spaced  10  to  40  feet,  forms  the  northwest  and  southeast 
walls.  Set  B,  striking  N.  40°  W.  and  dipping  45°-50°  SW.,  is  spaced 
100  to  200  feet.  Set  C,  striking  N.  65°  W.  and  vertical,  forms  the 
northeast  and  southwest  walls.  Set  D,  striking  N.  80°  E.,  and  verti- 
cal, forms  a  short  heading  near  the  north  corner  and  recurs  at  rare 
intervals.  The  rift  is  reported  as  marked  and  vertical,  with  N.  50°  E. 
course,  and  the  grain  as  horizontal.  A  segregation  of  uncommon 
composition,  measuring  8  by  4  by  2i  feet,  from  this  quarry  is  described 
on  page  125.  There  is  some  p^Tite  on  the  joint  faces.  Rusty  stain 
from  1  to  6  inches  thick  occurs  along  the  sheet  surfaces. 

The  plant  consists  of  5  derricks,  3  hoisting  engines,  an  air  compres- 
sor (capacity,  550  cubic  feet  of  air  per  minute),  2  large  drills,  10  air  plug 
drills,  and  2  steam  pumps. 

Transportation  is  efTocted  by  cartage  of  one-fourth  mile  to  wharf, 
which  ad'onls  30  feet  of  water  at  low  tide. 

Xo  ])uil(lings  constructed  of  this  granite  are  reported. 

The  Breal  water  (jiKirn/  is  on  Folly  Point,  west  of  P\)lly  Cove,  2] 
mihvs  northwest  of  Rockport.  (See  fig.  13.)  Operator,  Breakwater 
Construction  and  En^j^incering  Company,  5  Nassau  street.  New  York. 

The  <^ranitc  is  a  gray  h()rn])lon(le  granite,  which,  because  of  the  use 
it  was  ])cin«j:  put  to,  was  not  sj)ecially  examined. 

The  quarry,  opened  in  1905,  measures  about  250  feet  in  a  west-north- 
west direction  by  100  feet  across  and  from  5  to  30  feet  in  depth. 
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Sheet  structure  is  scarcely  perceptible,  but  the  intersecting  joints 
and  headings  are  so  numerous  as  to  facilitate  quarrying  for  the  purpose 
in  view. 

The  plant  consists  of  8  traveling  cranes  of  10  to  20  tons  capacity,  an 
air  compressor  (capacity,  150  cubic  feet  of  air  per  minute),  10  steam 
drills,  1  '* stiff-legged  derrick,''  and  a  rotary  engine  for  loading  onto 
baizes. 

Transportation  is  effected  by  a  track  of  300  feet  to  wharf. 

The  product  is  riprap  for  the  Rockport  breakwater,  for  the  construc- 
tion of  a  section  of  which,  measuring  165  feet  in  length  by  150  in  width 
at  low- water  level,  the  company  had  a  contract  in  1906.  The  average 
weight  of  each  block  was  to  be  4,000  pounds  and  the  minimum  200. 

The  NicJcerson  quarries  are  one-fourth  mile  southeast  of  Folly  Cove, 
and  2  miles  N.  30°  W.  of  Rockport.  (See  fig.  13.)  Operator,  W.  E. 
Nickerson,  Lanesville,  Mass. 

The  granite,  like  specimen  D,  XXVIII,  29,  a,  from  the  Devils  Rock 
quarry,  described  on  page  134,  is  a  hornblende  granite  of  medium-gray 
sha<le  with  a  slight  buff  tinge  and  w^eak  contrasts. 

The  main  quarry,  opened  in  1896,  is  triangular,  measuring  about 
350  feet  N.  40°  W.  by  350  feet  E.  and  400  feet  N.  40°  E.,and  up  to  25 
feet  in  depth.  The  other  opening  measures  about  100  by  60  feet  and 
60  feet  in  depth. 

The  sheets  from  9  inches  to  6  feet  thick  undulate  horizontally. 
There  are  4  sets  of  joints :  Set  A,  striking  nearly  east- west  and  vertical, 
is  spaced  10  to  100  feet.  Set  B,  striking  X.  40°  E.,  occurs  but  excep- 
tionally. Set  C,  in  the  smaller  pit,  striking  north  and  vertical,  is 
spaced  10  to  20  feet.  Set  D,  in  the  smaller  pit,  striking  X.  30°  W.  and 
dipping  70°  E.,  is  spaced  from  10  feet  up.  The  rift  is  reported  as  verti- 
cal with  east-west  course  and  the  grain  as  horizontal. .  A  vertical  dia- 
base dike  6  feet  tliick,  weathering  spheroidally,  strikes  X.  40°  W.  and 
forms  the  northeast  wall  of  the  main  quarry  near  the  smaller  one. 
Another  east  of  the  quarry  has  a  like  course.  Knots  are  reported  as 
not  exceeding  1  foot  in  diameter.  Rusty  stain  is  2  inches  thick  on 
lower  sheets  and  9  on  the  upper  ones. 

The  plant  consists  of  4  derricks,  3  hoisting  engines,  a  steam  drill,  and 
3  steam  pumps. 

Transportati(m  involves  cartage  of  one-half  mile  to  Jjimesville 
wharf. 

The  product  consists  largely  of  paving  stone,  with  some  ''random^' 
stone,  and  finds  a  market  mostly  through  the  Rockport  (rranite 
Company. 

The  Canney  quarry  is  on  the  east  side  of  Lanesville,  about  2  miles 
N.  50°  W.  from  Rockport.  (S(»e  fig.  13.)  Operator,  Edwin  (^anney. 
Pigeon  Cove,  lilass. 
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The  granite  is  a  hornblende  granite  of  medium  gray,  not  bluish, 
shade  and  of  medium  texture,  like  that  of  the^Meep  pif  of  the  Rock- 
port  Granite  Company.     (See  p.  137.) 

The  quarry,  opened  about  1861,  measures  about  500  feet  in  a 
N.  40°  E.  direction  by  400  feet  across,  and  averages  65  feet  in  depth. 

The  sheets,  from  6  inches  to  25  feet  thick,  increasing  in  thickness 
downward,  dip  about  10°  in  a  general  S.  45°  W.  direction.  Joints, 
striking  N.  60°  E.  and  vertical,  are  spaced  3  to  30  feet.  The  rift  is 
reported  as  vertical  with  N.  25°  E.  course  and  the  grain  as  horizontal. 
Three  vertical  basic  dikes,  from  18  to  24  inches  thick,  strike  N.  40°  W. 
One  forms  the  west  wall;  another  is  100  feet  east  of  it,  and  another 
75  feet  east  of  that.     Knots  up  to  5  inches  are  reported. 

The  plant  consists  of  5  derricks,  3  hoisting  engines,  an  air  compressor 
(capacity  470  cubic  feet  of  air  per  minute),  4  steam  pmnps,  and  a  stone 
crusher  with  a  capacity  of  100  tons  per  day. 

Transportation  is  effected  by  an  inclined  track  of  2,500  feet  to 
wharf  when  water  is  smooth,  but  by  cartage  to  Lanes  Cove  in  rough 
weather. 

The  product  is  mostly  paving,  with  some  curbing,  flagging,  crushed 
stone,  and  foundation  stones.  It  goes  to  Boston,  New  York,  and 
Philadelphia. 

TTie  Devils  Rock  quarry  is  about  half  a  mile  southeast  of  Lanesville 
and  about  1 J  miles  N.  58°  W.  of  Rockport.  (See  fig.  13.)  Operator, 
William  R.  Cheves,  Lanesville,  Mass. 

The  granite  (specimen  D,  XXVIII,  29,  a)  is  a  hornblende  granite  of 
general  medium  gray,  not  bluish,  shade  and  of  medium  to  coarse,  even — 
grained  texture,  w4th  feldspars  up  to  0.4  inch  and  black  hornblende  up> 
to  0.3  inch.  It  consists,  in  descending  order  of  abundance,  of:  Light — 
gray  potash  feldspar  (microcline  and  orthoclase),  from  slightly  green- 
ish to  cream-colored,  minutely  intergrown  with  soda-lime  feldspar 
(albite  to  oligoclavse-albite)  and  somewhat  kaolinized;  very  smoky 
quartz  with  cavities;  and  black  hornblende.  Accessory:  Magnetite, 
pyrite,  zircon,  and  allanite.     Secondary:  Kaolin. 

The  quarry,  opened  in  1876,  measures  about  400  by  200  feet  and 
averages  about  50  feet  in  depth. 

The  sheets,  from  1  to  18  feet  thick,  dip  10°  N.  There  are  3  sets  of 
joints.  vSot  A,  striking  N.  25°  E.,  dipping  70°  E.  to  90°,  is  spaced  3  to 
90  foot  and  forms  a  lioading  on  the  west  side.  Set  B, striking  X.  70° 'W. 
and  (li|)piM<j:  45''  to  stooply  north,  is  spaced  from  1  to  50  and  100  feet 
and  forms  a  lioadiii^  on  tlie  south  side  and  the  wall  on  the  north.  Set 
C,  dia<j:onal,  striking;  X.  25°  E.  and  dipping  about  65°  XW.,  is 
s|)a('(Ml  20  foot  at  tlio  south  ond,  but  does  not  recur.  The  rift  is 
ro|^ortod  as  <i:oodj  vortical,  and  with  oast-west  course.  There  is  a 
()-in(h  l)asi('  dike  on  tlio  oast  side.  Gray  knots  are  reported  up  to 
14  bv  6  inches.     Kusty  stain  is  from  1  to  6  inches  thick. 
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The  plant,  including  that  at  the  green  granite  quarry  of  the  same 
firm,  comprises  9  derricks,  2  hoisting  engines,  an  air  compressor 
(capacity  560  cubic  feet  of  air  per  minute),  2  steam  drills,  6  air  plug 
drills,  and  3  steam  pumps. 

Transportation  involves  cartage  of  a  mile  to  Lanesville  wharf, 
which  affords  13  feet  of  water  at  high  tide. 

The  product  is  used  for  building  and  paving.  In  1906  this  firm 
had  a  subcontract  for  material  for  the  naval  dry  dock  at  Kittery,  Me. 

The  Cheves  Green  Granite  quarry  is  about  250  feet  south  of  the 
Devils  Rock  quarry  and  1}  miles  N.  60°  W.  from  Rockport.  (See 
fig.  13.)     Operator,  William  R.  Cheves,  Lanesville,  Mass. 

The  granite  (specimen  D,  XXVIII,  30,  a),  ''green  granite,"  is  a 
hornblende  granite  of  somewhat  dark  olive-gray  color,  spotted  with 
black,  and  of  medium  to  coarse  even-grained  texture,  with  feldspars 
up  to  0.5  inch  and  hornblende  up  to  0.3  inch.  AVhen  first  quarried 
the  yellowish-green  tint  is  scarcely  perceptible,  but  after  a  few  hours 
exposure  to  rain  it  becomes  marked.  Its  constituents,  in  descending 
order  of  abundance,  are:  A  medium  olive-gray  potash  feldspar 
(orthoclase  and  microcline,  much  of  it  twinned),  minutely  intergrown 
with  soda-lime  feldspar  (many  of  the  feldspars  are  much  kaolinized 
and  contain  minute  particles,  possibly  of  an  oxide  of  iron);  very 
smoky  quartz  with  cavities  and  black  particles;  some  separate  soda- 
lime  feldspar  (albite  to  oligoclase-albite) ;  and  black  hornblende. 
Accessory:  Magnetite,  allanite  (most  of  it  within  hornblende  parti- 
cles), and  zircon.  Secondary:  Calcite,  and  limonite  stain,  some  of 
it  proceeding  radially  from  allanite  particles,  also  in  cracks  and  along 
boundaries  of  particles. 

The  contrast  in  this  stone,  owing  to  the  dark  shade  of  the  quartz, 
is  mostly  between  the  feldspar  and  the  combined  cjuartz  and  horn- 
blende. 

The  quarry  is  somewhat  triangidar  in  outline,  measuring  about  200 
feet  N.  70°  W.  by  100  to  200  feet  across  and  from  30  to  90  feet  in 
depth. 

The  shiBets  are  up  to  35  feet  thick.  The  joints  correspond  to  sets 
A  and  B  of  the  Devil's  Rock  quarry,  and  the  rift  is  said  to  be  like 
the  rift  of  that  quarry,  but  less  marked. 

The  Blood  Led{fe  quarry  is  three-fifths  mile  east-northeast  of  Bay 
View  and  2  miles  N.  62°  W.  of  Rockport.  (See  fig.  13.)  Operator, 
Rockport  Granite  Company,  Rockport,  Mass. 

The  granite  (specimens  D,  XXVIII,  28,  b,  e),  '*Bay  View  green,'' 
is  a  hornblende  granite  of  general  somewhat  dark  olive-gray  color, 
with  black  spots,  and  of  medium  to  coarse,  even-grained  texture, 
with  feldspar  up  to  0.5  inch  and  hornblende  up  to  0.2  inch.  Its 
constitueAts,  in  descending  ordc^r  of  abundance,  are:  A  more  or  less 
kaolinized  medium  olive-gray  potash  feldspar  (orthoclase  and  micro- 
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clijie,  mostly  twinned),  minutely  intergrown  with  soda-lime  feldspar 
(albite  to  oligoclase-albite) ;  very  smoky  quartz  with  cavities  and 
black  particles ;  black  hornblende;  and  rarely  a  little  bio tite.  Acces- 
sory: Magnetite,  allanite,  zircon.  Secondary:  Kaohn,  chlorite,  and 
limonite  stain.  This  stain  occurs  in  meandering  cracks  in  both  feld- 
spar and  quartz,  and  along  the  boundaries  of  particles,  and  also  radi- 
ates from  allanite  particles,  which  are  one  of  the  primary  causes  of 
the  yellowash-green  tint  of  the  granite.  Part  of  this  quarry  yields  a 
gray  granite  Uke  that  of  the  '*  Deep  Pit ''  (p.  137)  and  part  a  granite  of  a 
darker  gray  which,  however,  after  wetting,  becomes,  in  three  to  four 
hours,  olive  green,  the  '^greeJi  granite''  described  above.  After  con- 
tinued exposure  about  the  quarry  the  green  tint  is  said  to  become 
less  marked. 

An  estimate  of  the  mineral  percentages  in  this  stone,  obtained  by 
the  Rosiwal  method,  with  a  mesh  of  seven-tenths  inch  and  a  total 
linear  length  of  16.8  inches,  yields  the  following  results: 

Estimated  mineral  percentages  in  ^' green  granite"  from  Blood  Ledge  quarry ^  Rockport, 

Mass. 

Feldspar 58. 45 

Quartz 31. 95 

Hornblende 9.  GO 


100.00 


This  stone  takes  a  very  high  polish  and  hammers  rather  light. 
Some  particles  of  feldspar  vary  on  the  polished  fac^  from  an  olive 
green  to  a  scarcely  greenish  milk  w^hite.  The  contrasts  between  the 
three  minerals  are  more  marked  on  the  polished  face.  This  granite 
is  well  adapted  for  indoor  decorative  use. 

The  quarry,  opened 
about  1868,  forms  an  in- 
equilateral quadrangle, 
the  longest  side  of  which 
measures  about  400  feet, 
and  which  is  bisected  br 
a  basic  dike  and  contains 
an  unexcavated  central 
mass  upon  which  the  der- 
rick stands,  as  sho\\-n  in 
fig.  16.  Its  depth  ranges 
from  28  to  100  fool  bt- 
low  the  general  surface, 
from  which,  howovor.  50 
foot  liad  already  boon 
([uarriod  away. 
Tho  shoots,  10  to  30  foot  thick,  dij)  15°  west.  There  are  .5  sots  of 
joints,  whoso  courses  aro  given  in  fig.  16:  Sot  A,  dipping  55°  oast,  is 
spaced  3  to  80  foot  and  forms  llio  west  wall.     Set  B,  exceptional. 


Fi(r.  ir..--Strih-turc 


ti-1  ])l:in  of  Blood  Lf'dgc  quarry.  Rock- 
])ort,  Mass. 
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dips  50^  west.  Set  C  dips  30°  north.  Set  D,  dipping  90°  or  steeply 
south,  forms  the  short  south  wall  and  recurs  intersecting  the  north 
wall.  The  rift  is  reported  as  vertical  ^rith  a  N.  85°  W.  course,  and 
the  grain  as  also  veftical  and  about  north-south.  The  stone  is  said 
to  split  most  readily  from  the  ends  of  the  blocks,  both  along  rift  and 
grain.  The  basic  dike,  shown  in  fig.  16,  is  2  feet  thick  and  dips  70° 
southwest.  Dark  knots  a  few  inches  in  diameter  were  collected, 
but  they  are  reported  as  occurring  up  to  the  size  of  half  a  barrel. 
Rusty  stain  is  up  to  3  inches  tliick  on  sheet  faces. 

The  plant  consists  of  6  derricks,  4  hoisting  engines,  3  steam  drills, 
and  2  steam  pumps. 

Transportation  is  effected  by  a  locomotive  (p.  139)  and  track  about 
1  mile  long  to  the  wharf  at  Bay  View. 

The  product  is  used  for  buildings,  monuments,  docks,  and  paving. 
Specimen  structures:  Of  gray  granite,  the  first  story  (outside)  of 
Suffolk  County  court-house,  Boston.  Six  pohshed  columns  and 
two  pilasters  in  the  Madison  Square  Presbyterian  Church,  New 
York.  Of  green  granite,  the  base  of  the  General  Logan  monument 
in  Chicago. 

Th€  ^'Deep  Pit''  is  about  one-fifth  mile  from  tidewater  at  Bay  View, 
on  the  west  side  of  the  Cape,  2  J  miles  N.  73°  W.  of  Rockport.  (See 
fig.  13.)     Operator,  Rockport  Granite  Company,  Rockport,  ^lass. 

The  granite  (specimens  D,  XXVIII,  27,  a,  b),  "Bay  View  gray," 
is  a  hornblende  granite  of  medium-gray  shade  (lighter  than  25,  d, 
Babson  quarry,  p.  132,  and  darker  than  24,  a,  34,  a,  and  29,  a,  Flat 
Ledge,  Pigeon  Hill,  and  Cheves  ([uarries,  pp.  126,  128,  134),  with  a 
slight  cream  and  greenish  tinge,  spotted  with  black.  Its  texture  is 
medium  even  grained,  with  feldspars  up  to  0.4  and  hornblende  up  to 
0.3  inch.  Its  constituents,  in  descending  order  of  abundance,  are  a 
cream-colored  and  pale-greenish,  more  or  less  kaolinized  potash  feld- 
spar (orthoclase  and  microcline,  mostly  twinned)  minutely  intergrown 
with  soda-lime  feldspar:  very  smoky  ([uartz  with  cavities;  a  little 
separate  soda-lime  feldspar  (oligoclase-albite),  and  black  hornblende. 
Accessory:  Magnetite,  zircon,  and  alhmite.  Secondary:  Kaolin,  chlo- 
rite, calcite,  and  hematite  and  liiuonite  stain.  The  colors  of  feldspar 
are  evidently  due  to  the  chlorite  and  linionite. 

An  .estimate  of  the  mineral  percentages  in  this  granite,  by  the 
Rosiwal  method,  with  half-inch  ni(\sh  and  total  linear  length  of 
20  inches,  yields  the  following  n^sults: 

Estimated  mineral  percrntwjrs  in  Hay  Vi) w  (jraif  (jranitr,  Ixockport,  3/«.w. 

Feldspar 59. 60 

Quartz :y.70 

Hornblende 5. 70 

100.00 
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This  granite  takes  a  very  high  polish.  In  the  rough  its  contrasts 
are  less  marked  than  those  of  the  Flat  Ledge  and  Pigeon  Hill  stone, 
and  the  color  of  the  feldspar  is  different,  but  the  contrasts  are  more 
marked  on  the  polished  face  owing  to  the  lighter  ^ade  of  the  feldspar. 
The  quarry,  opened  about  1848,  measures  about  800  feet  N.  20°  W. 
by  500  feet  across,  but  owing  to  a  recess  its  actual  area  is  about  750 
by  500  feet.  Its  depth  is  from  60  to  150  feet.  A  diagonal  view  of 
this  quarry  is  given  in  PI.  V,  B,  and  a  rough  plan  of  it  in  fig.  17. 

The  sheet  structure  is  hardly  perceptible,  but  at  the  south  end 
seems  to  dip  20°  E.,  and  at  the  northeast  comer  to  undulate  hori- 
zontally. In  the  absence  of  sheets  horizontal  channeling  has  to  be^ 
resorted  to.  Steeply  downward  curving  partings,  '*toe  nails,"  are 
conspicuous  in  the  central  part.  Joint  and  dike  courses  are  shown 
in  fig.  17. 

There  are  5  sets  of  joints:    Set  A  is  vertical.     Set  B  dips  60°  E. 

Set  C  dips  55°  northeast. 
Set  D  is  vertical.  The  rift 
is  reported  as  vertical  with 
N.  85°  W.  course,  and  the 
grain  as  horizontal.  The 
stone  is  said  to  spht  read- 
ily from  the  top.  There 
are  5  basic  dikes.  The 
central  one,  a,  of  horn- 
blende diabase  (soda-lime 
feldspar — andesine— 
micacized,  augite,  horn- 
blende, magnetite,  and 
black  mica — ^bi6tite),froni 
12  to  ISfeet  thick,  and  dip- 
ping 55°-60°  NE.,  cross€S 
the  quarry  diagonally,  but  with  marked  curvature,  from  N.20°-45^'W., 
and  is  also  faulted  along  dike  &  with  a  lateral  displacement  of  about 
15  feet.  Both  of  these  dikes  and  the  fault  are  shown  in  PL  V,  B. 
Dike  6,  a  lamproph}Te  without  biotite  (soda-Hme  feldspar — andesine— 
altered  to  white  mica,  zoisite,  and  epidote,  also  with  hornblende, 
au^itC;  and  magnetite)  is  18  inches  tliick  and  dips  55°  WNTV. 
Dikos  c,  (1,  and  e  arc  vertical.  In  the  northern  part  a  small  branching 
and  ('urv(Ml  basic  dike  intersects  and  branches  off  from  dike  a.  Tlie 
relations  of  these  dikes  are  shown  in  fig.  17.  In  about  the  center  of 
the  ([uarrv  at  a  depth  of  125  feet  is  an  irregular  mass  of  injected  hom- 
hlende  diabase,  more  fully  described  on  page  50,  and  also  shown  in 
PI.  \ J  B,  and  (ig.  2,  which  is  probably  connected  more  or  less  remotely 
with  dik(*  a.  Rusty  stain  along  sheet  surfaces  measures  up  to  6  inches 
in  thickness. 


Fig.  17.— Structure  and  plan  of  Deep  Pit  quarry,  near  Bay- 
View,  Mass. 
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The  plant  comprises  4  derricks,  4  hoisting  engines,  a  Blondin  car- 
rier, a  locomotive,  an  air  compressor  (capacity  1,750  cubic  feet  of  air 
per  minute),  which  supplies  this  and  the  Blood  Ijedge  quarry,  2  steam 
drills,  and  2  steam  pumps. 

Transportation  is  effected  by  a  half-mile  track  to  the  wharf  at  Bay 
View,  which  affords  15  J  feet  of  water  at  low  tide. 

Specimen  structures:  The  Boston  and  Baltimore  post-offices. 

The  Bay  View  dark-granite  prospect  is  between  the  Blood  Ledge 
quany  and  the  ''Deep  Pit"  near  Bay  View,  and  was  opened  by  the 
Rockport  Granite  Company ,  of  Rockport,  Mass.  It  may  be  in  the  small 
area  of  augite  syenite  shown  cm  Sears's  geologic  map  of  Essex  County.  ° 

The  granite  (specimens  D.,  XXVIII,  28  i,  a,  b)  is  a  riebeckite- 
fiegirite-biotite  granite  of  dark  brownish  gray  color  and  medium  to 
coarse,  even-grained  texture,  with  feldspars  up  to  0.5  inch  in  diameter. 
It  consists,  in  descending  order  of  abimdance,  of  a  brownish  gray 
potash  feldspar  (orthoclase  and  microcline),  somewhat  kaolinized, 
mostly  in  twins  and  minutely  intergrown  with  soda-lime  feldspar; 
slightly  smoky  quartz;  brownish  gray  soda-lime  feldspar  (albite  to 
oligoclase-albite) ;  blue-black  riebeckite  (soda-hornblende)  and  green- 
black  fiegirite  (soda-augite) ,  and  black  mica.  The  accessory  minerals 
are:  Magnetite,  allanite,  zirccm,  fluorite,  and  apatite;  the  first  three  are 
somewhat  abundant.  Secondary  calcite  is  present  in  small  amount  and 
a  little  limonite  stain  occurs  to  which  the  feldspars  owe  their  brownish 
tinge.     They  also  contain  minute  particles  of  all  the  black  silicates. 

This  rock  takes  a  very  high  polish  and  hammers  rather  light.  The 
quartz  and  feldspar  being  of  about  one  shade,  the  only  contrast  on  the 
polished  face  is  between  these  and  the  black  silicates.  On  the  rough 
face  the  contrast  is  slight. 

Rockport  porphyry. — The  Pigeon  Cove  diabase  porphyry  prospect  is 
on  a  dike  of  altered  diabase  porphyr}',  18  feet  wide,  whicli  was 
represented  by  Shaler''  and  Tarr  as  exposed  for  half  a  mile  on  the 
hillock  west  of  Pigecm  Cove,  with  a  N.  21^  W.  course,  also  as  reappear- 
ing in  Rockport  three-fourths  mile  west  of  Gap  Head  with  a  N.  9^  W. 
course.  Washington  *^  refers  to  this  dike  as  cutting  the  quarry  pit  at 
PigeonCove,  and  describes  it  microscopically  as  alabradorite  porphyry. 

Fuller,  Foley  &  Co.,  of  West  Quinev,  Mass.,  have  quarried  a  few 
carloads  of  this  rock  and  have  made  a  polished  ball  of  it,  2  feet  7 
inches  in  diameter,  mounted  on  a  cubical  base.  Fig.  18  was  pre- 
pared from  a  photograj)h  of  it  taken  by  the  writer. 

This  diabase  porphyry  (specimens  D,  XXIX,  SO,  a,  b)  has  a  very 
dark  green  or  black  fine-grained  groundmass,  with  porphyritic  feld- 

•  Sean,  J.  H.,  The  physical  geography.  p»»ology,  miinTHlogy.  and  paloontolopy  of  Essex  County, 
Mam.,  Essex  Institute,  SaJom,  Muss.,  19()o. 

bShaler,  N.  S.,  The  goology  of  Cap**  Ann,  Mass. .  Ninth  Ann.  Kept.  U.  S.  Geol.  Survt'y,  18S0.  p.«i09, 
PL  77. 

« Washington,  H.  S.,  The  x>etrographical  province  of  Ksscx  Count v,  Mass.:  Jour.  Gi'ol.,  vol.  7  (3) 
p.200. 
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spars  of  medium  greenish  gray  color,  measuring  from  0.2  to  4.42 
inches  in  length  by  about  0.78  inch  in  width.  Many  of  the  crystals 
are  from  1  to  2  inches  long.  Their  striation  shows  plainly.  Fig.  18 
shows  the  general  character  of  the  rock.  The  groundmass  consists 
of  the  following  minerals,  in  descending  order  of  abundance:  Lime- 
soda  feldspar  (andesine-labradorite)  partly  micacized,  augite  largely 
altered  to  a  green  hornblende  and  chlorite,  biotite  (black  mica), 
magnetite,  and  apatite.     Rarely  a  little  secondary  calcite. 

This  rock  takes  a  very  high  polish 
and  the  contrast  between  the  black 
groundmass  and  the  large  pale-greenish 
crystals  is  most  striking. 

BECKET    (CHESTER). 

Topography, — The  town  of  Becket 
is  on  the  southern  continuation  of  the 
Green  Mountain  range  in  the  east- 
central  part  of  Berkshire  County,  Mass. 
The  range  attains  thereabouts  ele- 
vations of  1,750  and  1,845  feet,  but 
is  deeply  cut  by  south-southeasterly 
valleys,  through  which  flow  the 
branches  of  Westfield  River,  and  bv 
minor  north-south  and  east-west  hol- 
lows tributary  to  those  valleys. 

General  geology. — The  geology  of  the 
region  has  been  described  by  Emer- 
son, **  and  will  appear  in  a  revised 
form  in  the  forthcoming  Housatonic 
folio  of  the  United  States  Geological 
Surv^ey.  There  is  a  long  north-south 
area  of  so-called  Becket  gneiss,  which  is 
of  pre-Cambrian  age.  In  some  places, 
as  at  the  quarry,  to  be  described,  it  is  a  true  granite,  which  has  under- 
gone only  a  very  slight  textural  change.  East  of  it  lies  a  belt  of  marine 
sediments,  now  called  Ordovician  by  Emerson,  once  clayey  but  after- 
wards nietaniorphosod  into  mica  schist.  The  granite  at  the  quarn' 
contains  a  \i\x^o  inclusion  of  somewhat  coarse  muscovite-biotite  jrar- 
netiferoiis  f^neiss.  It  is  also  overlain  ])v  or  incloses  a  ccmsiderable 
mass  of  a  ])lack  schisloso  (luartz-niica  diorito,  containing  both  potash 
and  soda-lime  feldspar,  aloii<r  tluu'oiitact  with  which  the  granite  has  a 
banded  (low  structure.  It  is,  therefore,  evident  that  the  granite  <>f 
Becket  is  uiore  recem  tlian  these  two  rocks;  in  other  words  there  were 
gneisses  (probably  of  <xranitic origin)  and  schists  (originally  quartz-mica 


FiQ.  18.— Labradorite  feldspars  in  pol- 
ished surfaces  of  diabase  porphyry  from 
the  dike  at  Pigeon  Cove  on  Cape  Ann, 
Mass.,  one-thirteenth  natural  size.  The 
largest  crystal  is  4.4  inches  long. 


a  Emerson,  li.  K.,  (ieohij^y  of  oastorn   Berksliini  County,  Mass:  Bull.  U.  S.  Geol.  Survey  No.  1."*, 
1899,  PL  IX,  pp.  75,  W. 
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diorite)  in  this  region  before  the  intrusion  of  the  Becket  granite. 
The  diorite  schist  once  overlay  the  surface  of  the  granite  and,  either 
alone  or  with  other  rocks,  possessed  a  considerable  tliickness.  The 
granite  of  the  Becket  quarry  has  been  described  by  Kemp  and  Emerson.* 

The  quarry, — ^The  Hudson  and  Chester  Granite  quarry  is  in  the 
town  of  Becket,  1,400  feet  above  sea  level,  6}  miles  southeast  of  Becket 
village,  in  Berkshire  County,  Mass.,  and  2J  miles  (3i  by  road)  south- 
west of  the  village  of  Chester,  on  the  Boston  and  iVlbany  Railroad,  in 
the  town  of  Chester  in  Hampden  County.  (See  the  Becket,  Chester- 
field and  Housatonic  topographic  sheets  of  the  Geological  Survey.) 
Operator,  Huds(m  &  Chester  Granite  Company,  Chester,  Mass. 

The  granite  (specimens  D,  XXIX,  91,  f,  g,  k),  ''Chester  dark" 
and  '*  Chester  light,- '  is  a  muscovite-biotite  granite  of  medium  inclining 
to  dark  bluish  gray,  to  medium  bluish  gray  color  and  of  fine  texture 
with  feldspars  up  to  0.15  inch  and  mica  in  very  fine  particles.  The 
texture  of  this  granite  is  neither  exactly  gneissoid,  porphyritic,  nor 
even  grained.  In  thin  section  the  coarser  particles  of  quartz  and 
feldspar  are  seen  to  lie  in  a  somewhat  micaceous  matrix  of  very  fine 
texture,  and  there  is  not  a  little  granulation  about  the  feldspars.  The 
average  diameter  of  the  particles  of  this  matrix,  estimated  by  the 
Rosiwal  method,  is  less  than  0.005  inch,  which  is  finer  than  the  finest 
Westerly  granite  (p.  192),  although  the  stone  as  a  whole  is  coarser 
textured  than  that.  Its  constituents,  in  descending  order  of  abun- 
dance, are:  Light  bluish-gray  potash  feldspar  (microcline,  rarely 
orthoclase);  slightly  bluish  quartz,  with  sheets  of  cavities  (up  to  0.02 
millimeter  in  diameter)  in  two  rectangular  directions  with  brightly 
polarizing  rift  and  grain  cracks  parallc^l  to  them;  light  bluish  gray 
soda-lime  feldspar  (oligoclase-albite);  white  mica  (muscovite);  and 
black  mica  (biotite).  The  only  difTerence  between  the  dark  and 
light  varieties  is  in  the  percentage  of  th(»  black  mica.  The  accessory 
minerals  are:  Titanite,  pyrite,  ilmenite,  allanit(%  iluorite,  apatite,  and 
zircon.  The  secondary:  Muscovite,  carbonate,  and  epidote  (as  rim 
about  allanite).     The  amount  of  titanite  is  relatively  large. 

An  estimate  of  the  mineral  percentages  in  this  granite,  by  the  appli- 
cation of  the  Rosiwal  method  to  a  camera  lucida  drawing  of  a  thin  sec- 
tion enlarged  37  diameters,  with  a  mesh  of  1.2  inch  and  a  total  linear 
length  of  25.85  inches,  yields  the  following  resuhs: 

Estimated  mineral  percenfatfes  »*//  lUrkrf,    Mass.,  (jrnnite. 

Quartz 49.35 

Potash  feldspar  (orthoclafio  17.05,  inicrocHiK'  1 1  .•-()  > 28.  55 

Soda-limo  feldspar  (oligoclai<o-al  l)it(' ) 15. 37 

Mica  (rauflcovit^i,  4.10,  l)iotitr,  2.47) 6.57 

Titanite 10 

100.00 

a  Kemp,  J.  F.,  On  the  granite  quaiTie<l  at  Chostor.  M}^>^s.:  Trails.  N.  Y.  Aca<l.  Sci.  vol.  11,  1.S91-2, 
pp.  129-130.  Emerson,  B.  K.,  Geology  of  Old  Hainixlfai  County,  Mass.:  Mon.  V.  S.  Geol.  Survey,  vol.29, 
1806,  pp.  33,  H  96-38;  and  BuUetin  No.  loO,  i)ii.  75.  W, 
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The  following  analysis,  by  Prof.  L.  M.  Dennis  of  Cornell  University, 
is  quoted  by  Kemp.^ 

Analysis  oj  Becket,  Mass.,  granite. 

Si02  (silica) 69.465 

AlaOjCalumina) 17. 50 

FcjOg  (iron  sesquioxide) 2. 30 

CaO(lime) 2.57 

MgO  (magnesia) 305 

K2O  (potash) 4.07 

NajO  (soda  by  difference) \ 2. 93 

H2O  (water  at  110°) 08 

Loss  on  ignition 74 

99.960 
Specific  gravity  2.684  to  2.688. 

Mr.  George  Steiger,  chemist  of  the  United  States  Geological  Survey, 
finds  that  this  granite  contains  0.53  per  cent  of  CaO  (lime),  soluble  in 
hot  dilute  acetic  acid,  which  indicates  a  content  of  0.94  per  cent  of 
CaCOg  (lime  carbonate),  the  presence  of  which  carbonate  is  also 
shown  by  the  microscope  and  by  a  slight  effervescence  with  cold  dilute 
muriatic  acid. 

Professor  Kemp  "  states  that  a  cube  of  this  stone  was  tested  at  Colum- 
bia University  by  boiling  in  dilute  "muriatic  acid  (1  part  of  HCl  of 
specific  gravity  1.20  to  20  parts  of  H^O)  for  5  hours,  when  it  was 
found  to  have  lost  0.59  per  cent  in  weight.  Another  boiled  for  the 
same  length  of  time  in  dilute  sulphuric  acid  (1  part  of  H^SO^  of 
specific  gravity  1.84  to  20  parts  of  HgO)  gave  a  loss  of  0.48  per  cent. 

Absorption  and  crushing  tests,  made  at  the  same  time  and  place, 
yielded  the  following  results:  Four  cubes  of  specific  gravities,  2.688, 
2.687, 2.684,  and  2.688,  after  3  weeks'  soaking,  absorbed  0.0021,0.0021, 
0.00224  and  0.0026  per  cent.  The  crushing  test  was  applied  to  five 
cubes,  which  showed  a  crushing  strength  per  square  inch  ranging 
from  25,350  to  28,841  pounds. 

The  stone  takes  a  fair  polish  and  hammers  somewhat  light.  The 
fineness  of  the  particles  precludes  any  marked  contrast.  Feldspar 
and  quartz  appear  light  gray,  and  the  mica,  black,  producing  a  fine 
mottling. 

The  quarry,  opened  in  1886,  measures  about  600  feet  east- west  by 
100  feet  across  and  from  50  to  100  in  depth. 

The  slieots  are  normal  lenticular  and  horizontal,  becoming  thicker 
downward  and  measuring  6  inches  to  30  feet  in  thickness,  but  there 
is  some  irre^^ularit y  in  this  increase^  in  different  parts  of  the  quarr}*. 
Then^  are  two  sets  of  joints.  Those  of  sot  A  strike  X.  10°  E.,  dip  30'' 
to  35"^  W.,  and  are  spaced  from  LS  inches  to  20  feet.  They  are  inter- 
mittent and  have  a  thin  coat  of  discoloration,  the  microscopic  char- 
acter of  which  is  described  on  page  61.     Those  of  set  B  strike  X.  SO^ 

aLoc.  cit. 
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W.,  are  vertical,  and  are  spaced  10  to  25  feet,  exceptionally  curved  so 
as  to  dip  as  low  as  55*^  W.  On  the  north  side  a  mass  of  fine-grained, 
heavy,  hard,  black  schist,  40  feet  thick,  overlies  the  granite.  It  is 
traversed  by  horizontal  and  vertical  quartz  veins,  the  latter  taking 
their  rise  at  the  contact  with  granite  and  tapering  upward.  Emerson** 
represents  this  mass  as  also  overlain  by  the  granite  at  one  end,  but 
that  part  had  probably  been  quarried  away  before  the  writer's  visit  in 
1906.  A  thin  section  of  this  rock,  crossing  also  a  tortuous  white 
veinlet,  is  found  to  consist,  in  descending  order  of  abundance,  of: 
Quartz,  with  sheets  of  cavities  and  rift  cracks  parallel  to  them  polariz- 
ing brightly;  black  mica;  potash  feldspar  (microcline) ;  soda-lime 
feldspar  (oligoclase) ;  muscovite,  and  hornblende.  The  accessory 
minerals  are:  Ilmenite,  titanite,  pyrite,  apatite,  and  zircon.  The 
secondary:  Epidote,  carbonate,  and  limonite.  The  white  veinlets 
are  mainly  quartz  and  soda-lime  feldspar.  This  rock  thus  appears  to 
be  a  quartz-mica  diorite  schist,  but  with  potash  feldspar  apparently 
exceeding  the  soda-lime.  It  is  an  eruptive  rock  made  schistose  by 
pressure  before  the  intrusion  of  the  granite,  and  probably  formed  part 
of  the  original  cover  into  which  granite  was  intruded.  That  the 
granite  is  the  later  rock  is  evident  because  of  the  marked  flow  struc- 
ture which,  for  a  space  of  2  feet  below  the  diorite  schist,  runs  parallel 
to  the  contact  surface,  as  has  been  observed  in  some  New  Hamp- 
shire quarries  (p.  62).  This  flow  structure  consists  of  parallel  white 
bands  from  0.1  to  0.3  inch  wide,  recurring  at  intervals  of  1  inch.  The 
gray  granite  between  these  light  bands  is  darker  than  that  beyond 
them.  A  thin  section  of  one  of  these  bands  shows  it  to  consist  of 
quartz  and  feldspar,  the  quartz  with  many  sheets  of  cavities  up  to 
0.03  inch,  and  with  rift  cracks  parallel  to  them.  In  the  darker 
bands  biotite,  epidote,  titanite,  and  muscovite  are  very  abundant. 
At  the  northeast  comer  the  flowage  bands  have  very  sinuous 
courses,  the  rock  taking  on  the  appearance  of  a  true  gnei^^s.  On  the 
west  side  the  flow  structure,  shown  by  a  band  of  lighter  granite*  2  foet 
thick,  strikes  N.  55°  E.,  and  dips  40°  SE.  At  the  northwest  corner, 
several  feet  below  the  granite  surface,  is  an  inclusion,  10  by  8  foet,  of 
coarse  gametiferous  muscovite-biotite  gneiss  with  accessory  mag- 
netite, apatite,  and  zircon.  It  is  a  very  difl*erent  rock  from  either  the 
granite  or  the  diorite  schist,  and  was  evidently  broken  ofT  from  some 
overlying  or  adjacent  formation  during  the  granite  intrusion  and 
inclosed  by  the  molten  matter. 

The  rift  is  reported  as  dipping  about  20°  W.  and  the  grain  as  vertical 
with  a  N.  10°  E.  course. 

At  the  northwest  corner  there  is  a  pegmatite  dike*  (feldspar  and 
quartz,  coarse)  up  to  2  feet  thick,  with  a  northwest  course.  In  thin 
section  the  feldspar  is  ofthoclase  with  fissures  from  0.37  to   1.85 

a  Bull.  U.  S.  Geol.  Survey  No.  159,  fig.  10,  p.  75. 
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millimeters  wide,  filled  with  fragments  of  microcline  and  quartz  and 
stringers  of  white  mica.  It  has  evidently  been  subjected  to  pressure 
and  some  metamorphism. 

Rusty  stain  along  the  sheet  surfaces  is  from  3  to  12  inches  thick. 

The  plant,  including  the  cutting  machinery  at  Chester,  comprises  7 
derricks,  6  hoisting  engines,  a  Blondin  carrier  and  engine,  2  overhead 
cranes  (capacity  4  tons),  2  air  compressors  (capacity  500  and  150 
cubic  feet  of  air  per  minute),  4  large  drills,  .14  air  plug  drills,  8  air 
hand  tools,  a  surfacer,  4  vertical  polishers,  and  a  steam  pump. 

Transportation  is  effected  by  the  Chester  and  Becket  Railroad,  a 
branch  of  the  Boston  and  Albany,  which  connects  the  quarry  through 
Walker  Brook  hollow  with  the  main  line  at  Chester,  a  distance  of  3i 
miles.  The  rough  stone  is  shipped  direct  from  the  quarry;  the  rest  is 
taken  to  the  cutting  shed  at  Chester  and  reshipped  there.  The  gran- 
ite thus  comes  to  be  known  as  Chester  granite  although  the  quarry  is 
in  Becket. 

The  product  is  used  mostly  for  monuments  and  finds  its  chief 
markets  in  Pennsylvania,  New  York,  and  Michigan.  Specimens: 
Doctor  Hoover  monument  at  Chambersburg,  and  the  McCormack 
monument  at  Pittsburg,  Pa.,  and  the  W.  A.  Harder  monument  at 
Hudson,  N.  Y. 

NEW   HAMPSHIRE. 

GENERAL    STATEMENT. 

Some  of  the  New  Hampshire  granite  quarries  to  be  described  are 
near  Concord,  in  Merrimac  County,  and  Milford,  in  Hillsboro 
County,  which  are  both  in  the  Merrimac  River  basin  in  the  southern 
part  of  the  State.  The  rest  are  near  Conway,  on  the  south  side  of  the 
White  Mountain  region,  in  the  east-central  part  of  the  State.  (See 
map,  PI.  I.)  The  Concord  and  Milford  quarries  are  in  an  area  desig- 
nated by  ^rof.  C.  H.  Hitchcock  "Lake  Winnepesaukee  gneiss," 
which  on  his  geological  map  has  a  northeast  to  southwest  trend,  and 
is  dovetailed  both  on  the  northeast  and  the  southwest  into  a  schist 
formation  designated  "Rockingham  schists, '^  which  he  regarded  as 
forming  the  base  of  the  Cambrian.  Both  the  Concord  and  the  Milford 
granite  carry  inckisions  of  gneiss,  but  the  relations  of  these  to  the 
Rockingham  schists  is  as  yet  undetermined.  Some  gneisses  which 
cap  the  Milford  granite  are  evidently  of  igneous  origin,  so  can  not  be 
the  Rockingham  schists.  The  Conway  quarries  are  in  an  area  of 
granite  designated  on  tlie  same  map  "Conway  granite/'  which 
measures  al)out  35  by  20  miles  and  extends  from  the  Francoiiia 
Mountains  on  tlie  west  to  Conway  on  the  east,  and  from  the  foot  of 
Mount  Washington  on  tlie  north  to  Mount  Cliocorua  on  the  south.^ 


«  Sec  Hitchcock,  ('.  JI.,  The  ideology  of  Now  IFninp'^hiro,  ('onconl.  ls7S,  Atlas.  Also  The  geoloe}*:-f 
northern  New  England,  printe«l  by  the  author,  apparently  between  1883  and  1892.  New  Hampshirf 
map  Is  dated  1877. 
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The  Auburn  and  Sunapee  quarries  were  not  visited,  but  the  granite* 
from  these  localities  will  be  found  described  on  pages  186,  187. 

CONCORD. 

Topography, — The  Concord  quarries  are  on  the  east  side  and  top 
of  a  north-south  ridge  known  as  Rattlesnake  Ilill,  which  is  said  to 
attain  an  elevation  of  580  feet  above  the  high-water  mark  of  Merri- 
mac  River;  and  they  lie  within  a  radius  of  H  to  2  miles  from  about 
N.  25°  W.  to  N.  50°  W.  of  the  statehouse.  Some  of  them  are  at  the 
foot  of  the  ridge  on  North  State  street  at  about  the  level  of  the  city; 
others  are  from  70  to  360  feet  above  it. 

Geology  of  the  quarries. — The  salient  geological  feature  is  the  occur- 
rence here  and  there  within  the  granite  of  inclusions  of  coarse  and 
fine  banded  gneisses  measuring  from  a  few  inches  to  30  feet  in  diam- 
eter. The  largest  of  these  (see  page  153)  is  a  bright,  dark  biotite- 
muscovite  gneiss  with  line  bands  of  varying  shades,  according  to  the 
proportions  of  the  micas  or  of  the  quartz  and  feldspar.  Its  feldspar 
is  a  soda-lime  (oligoclase-albite  to  oligoclase),  and  the  accessory 
minerals  are  garnet,  zircon,  apatite,  etc.  Others  again  are  biotite 
gneisses  and  consist  of  alternating  bands  of  very  light  feldspathic 
quartzose  rock  and  of  dark,  coarse,  very  fine  micaceous  schist,  the 
particles  of  the  latter  not  exceeding  0.02  inch.  The  geological  age 
of  these  gneisses  is  uncertain.  The  pegmatite  dike  which  traverses 
this  large  inclusion  seems,  from  its  relation  to  the  granite,  to  have 
been  formed  before  the  block  was  surrounded  by  granite.  Of  general 
interest  is  also  the  occurrence  of  fluorite  on  joint  faces,  referred  to 
on  page  61,  which  implies  deep-seated  origin  of  the  solutions  out  of 
which  it  crystallized,  and  raises  the  question  as  to  whether  the  asso- 
ciated calcite  and  quartz  may  not  have  come  from  the  same  source. 

Joint  planes  at  the  Concord  quarries  divide  themselves  into  8  sets, 
of  which  those  occurring  at  the  largest  number  of  quarries  strike 
N.  15°  E.,  N.  20°-30°  E.,  X.  60°-65°  E.,  and  X.  60°  75°  W.  Of  less 
frequent  occurrence  are  those  striking  X.  10°  W.,  X.  45°  W.,  X.  80° 
E.  and  E.-W.  The  number  and  variety  of  fractures  witliin  one  of  the 
headings  at  the  Granite  Railway  quarry  indicate  the  locahzation  and 
sharpness  of  the  strain  which  produced  the  heading. 

Flow  structure  appears  at  only  one  quarry,  where  it  is  vertical 
with  a  N.  60°  W.  course.  The  rift  is  reported  as  either  horizontal  or 
inclined  from  5°  to  15°  (X.  65°,  75°  W.,  S.  45°  W.),  and  the  grain  as 
vertical  with  east-west  course,  but  exceptionally  X"^.  45°  E.,  X.  70°  E., 
N.  80°  W.  The  effect  of  heat  and  cold  on  the  quality  of  rift  and 
grain  is  recognized,  and  also  the  fact  that  the  degree  of  dip  of  rift  is 
affected  by  the  direction  in  which  the  sheet  is  split.  If  the  splitting 
is  done  from  the  north  or  south  the  rift  will  prove  horizontal,  but  if 
50193— Bull.  354-OS 10 
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-from  the  west  it  will  be  inclined.  •  Whether  the  east- west  compressive 
strain  which  affects  Rattlesnake  Hill  has  anything  to  do  with  this 
deflection  is  uncertain. 

There  are  pegmatite  dikes  with  courses  of  N.  30°  E.,  N.  45°  E., 
N.  45°  W.,  and  N.  85°  W.  and  segregations  of  very  fine  porphyritic 
granite.     (See  p.  155.) 

Description  of  Concord  granite. — The  following  combines  all  the 
more  detailed  descriptions  of  rough  and  polished  specimens  and  thin 
sections  given  on  pages  147-156. 

''Concord  granite''  is  a  muscovite-biotite  granite  of  medium  bluish 
gray  color.  The  significance  of  the  term  ''medium  gray"  becomes 
apparent  upon  comparing  the  terms  applied  to  the  principal  light 
granites  of  New  England.  Hallowell,  Me.,  granite  is  light  gray;  the 
"white  granite"  of  North  Jay,  Me.,  is  very  light  gray;  and  the  granite 
of  Bethel,  Vt.,  is  white  mottled  with  gray.  The  general  shades  of  these 
Ught  or  whitish  granites  forms  a  descending  series  in  which  Concord 
granite  stands  fourth,  the  granite  of  Bethel,  Vt . ,  being  the  lightest .  The 
texture  of  Concord  granite  is  fine  to  medium,  somewhat  porphyritic, 
with  sparse,  slender,  isolated  feldspars  up  to  0.5  inch.  Although  the 
micas  occur  in  very  minute  particles,  especially  the  biotite,  they 
measure  up  to  0.2  inch  and  exceptionally  0.4  inch.  Its  constituents, 
in  descending  order  of  abundance,  are:  Slightly  bluish,  translucent 
potash  feldspar  (microcline,  usually  in  longish  twins,  and  some 
orthoclase),  inclosing  particles  of  quartz  and  of  soda-Ume  feldspar 
(in  some  specimens  these  minerals  with  biotite  are  zonally  arranged 
within  a  crystal  of  feldspar);  clear  to  pale  amethystine  quartz  with 
hairlike  crystals,  probably  of  rutile,  and  with  cavities  in  sheets  which 
in  some  sections  are  parallel;  milk-white,  striated  soda-lime  feldspar 
(oligoclase-albite)  more  or  less  kaolinized  and  centrally  micacized; 
white  potash  mica  (muscovite) ;  and  black  mica  (biotite)  some  of  it 
chloritized,  generally  in  smaller  scales  than  the  muscovite.  In  some 
cases  the  mica  plates  have  their  flat  sides  parallel  to  the  rift  direction; 
in  some  the  biotite  appears  to  predominate  over  the  muscovite, 
possibty  owing  to  the  different  alignment  of  its  scales.  The  accessor}' 
minerals  are:  Magnetite,  apatite,  zircon  (some  in  doubly  terminated 
slender  prisms),  and  rutile.  Purple  and  white  fluorite  occurs  here 
and  there  on  and  near  joint  planes.  Calcite  and  quartz  are  associ- 
ated with  it  on  tliese  joints.  The  secondary  minerals  are:  Kaolin, 
nuiscovite,  in  veinlots,  a  wliite  mica  without  potash,  chlorite,  and 
calcite." 

There  is  so  much  irregularity  in  the  dimensions  of  the  particles  of 
this  fj^ianite  that  the  Rosiwal  method  of  determining  the  mineral 
percentages  was  not  j)racticai)le. 

"  A  iiiifToscopic  (If'sciiptidii  of  Coiiconl  jxriinite  l>y  (J.  W.  U;iwt's  \\ill  l>o  found  in  his  Mineralogy  an-i 
Htholo};}-  of  Now  JIainpshin\  wliich  foniis  vol.  :i.  \)X.  4,  of  C.  U.  Hitchcock's  Geoiogj'  of  New  Hampshire. 
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But  one  chemical  analysis  of  Concord  granite  is  available.  That  is 
given  on  page  150.  The  specific  gravity  of  the  stone  was  determined 
by  Crosby  as  2.64  and  2.65,  averaging  2.65,  or  155.6  pounds  per  cubic 
foot. 

Messrs.  Steiger  and  Schaller,  chemists,  of  the  United  States  Geolog- 
ical Survey,  find  as  the  result  of  two  tests  that  Concord  granite 
contains  from  0.15  to  0.17  per  cent  of  CaO  (Hme)  soluble  in  hot  dilute 
acetic  acid,  which  indicates  a  content  of  from  0.26  to  0.30  per  cent  of 
CaCOj  (lime  carbonate),  and  the  microscope  also  shows  the  presence 
of  carbonate. 

Two  tests  of  compressive  strength,  made  at  the  United  States 
arsenal  at  Watertown,  Mass.,  show  a  compressive  strength  of  30,830 
pounds  per  square  inch  with  pressure  applied  at  right  angles  to  rift, 
and  of  23,860  pounds  when  applied  parallel  to  it.  There  is  thus  a 
loss  of  12J  per  cent  of  compressive  strength  in  the  rift  direction.  A 
more  recent  test  made  at  the  same  place  gave  this  stone  a  compressive 
strength  of  23,670  pounds,  direction  of  rift  and  grain  not  stated. 

The  polish  of  Concord  granite  is  fair,  but  the  abundant  mica  plates 
and  the  size  of  some  of  them  do  not  favor  the  durability  of  the  polish 
under  long-continued  outdoor  exposure.  The  muscovite  appears 
much  darker  when  polished.  No  pyrite  was  detected  in  the  polished 
specimens  or  thin  sections,  although  the  chemical  analysis  indicates 
its  probable  presence.  There  is  considerable  contrast  between  the 
rough  and  hammered  faces.  Its  general  bluish  cast  is  marked  par- 
ticularly on  the  polished  face,  but  the  rough  face  becomes  lighter  on 
continued  exposure.  There  is  some  variation  in  the  amount  of  mica 
apparent  on  the  different  faces  of  a  bh)ck,  as  well  as  a  difference  in  the 
actual  amount  of  black  mica  and  in  the  sparseness  of  the  largo  feld- 
spars in  the  stone  from  different  quarries.  Only  (m  close  inspection 
do  strong  contrasts  appear  between  the  bright  muscovite  plates,  the 
fine  black  biotite  scales,  and  the  glassy  feldspar. 

The  Concord  quarries. —  The  New  England  Granite  Works  quarry  is  in 
the  upper  part  of  Rattlesnake  Hill,  roughly  northwest  of  Concord. 
Operator,  The  New  England  Granite  Works,  20  Ferrs'  street,  Concord, 
N.H. 

The  granite  (specimens  D,  XXVIII,  39,  a,  b,  f,  g),  "Concord 
granite,"  is  a  muscovite-biotite  granite  of  medium  bluish-gray  color, 
and  fine  to  medium,  somewhat  porphyritic  texture,  with  sparsely 
disseminated  larger  feldspars  up  to  0.4  inch  (exceptionally  0.5  inch), 
and  micas,  from  ver}-  minute  size  up  to  0.2  inch  (exceptionally  0.4 
inch).  It  consists,  in  descending  order  of  abundance,  of  a  slightly 
bluish  translucent  potash  feldspar  (microcline,  mostly  in  long  twins, 
less  orthoclase),  inclosing  quartz  and  soda-lime  feldspar  particles; 
clear  to  faintly  amethystine  quartz  with  abundant  hairlike  crystals, 
probably  of  rutile,  also  with  sheets  of  cavities;  milk-white  more  or 
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less  kaolinized  and  micacized  soda-lime  feldspar  (oligoclase-albite) 
containing  rare  particles  of  carbonate,  probably  calcite;  white 
potash  mica  (muscovite);  and  black  mica  (biotite),  mostly  in  smaller 
scales  than  the  muscovite  or  with  their  flat  sides  at  right  angles  to  the 
muscovite  scales.  The  accessory  minerals  are:  Magnetite  (some 
within  biotite),  apatite,  zircon,  and  rutile.  The  secondary  are: 
Kaolin,  muscovite  in  veinlets,  white  mica  without  potash,  and  calcite. 

Mr.  George  Steiger,  chemist,  of  the  United  States  Geological  Survey, 
finds  that  this  granite  contains  0.15  per  cent  of  CaO  (Ume)  soluble 
in  hot  dilute  acetic  acid,  which  indicates  a  content  of  0.26  per  cent 
of  CaCOa  (lime  carbonate),  the  presence  of  which  carbonate  is  also 
indicated  by  the  microscope. 

A  test  of  the  compressive  strength  of  this  granite,  made  at  the 
United  States  arsenal  at  Watertown  in  1907,  gave  the  following 
results:  A  cube  of  approximately  2-inch  edge  showed  the  first  crack 
at  86,000  pounds  and  was  crushed  at  94,200  pounds,  thus  having  an 
ultimate  compressive  strength  of  23,670  pounds  per  square  inch.  It 
does  not  appear  whether  the  pressure  was  applied  in  the  rift  or  grain 
direction. 

The  granite  of  this  quarry  appears  to  be  more  biotitic  and  to  have 
its  larger  feldspars  more  sparse  than  the  stone  of  the  other  Concord 
quarries. 

The  quarry,  opened  in  1812,  is  about  350  feet  from  northeast  to 
southwest  by  300  feet  across  and  has  a  working  face  on  the  southwest 
130  feet  in  height. 

The  sheets  range  from  6  inches  thick  in  the  upper  30  feet  of  the 
working  face  to  40  feet  at  the  bottom,  and  dip  from  10°  to  15°  SE. 
Some  of  the  sheets,  owing  to  their  freedom  from  rusty  discoloration, 
are  regarded  by  the  foremen  as  of  recent  origin  and  are  called  *^  strain 
sheets;"  and  even  now  a  northwest-southeast  compressive  strain 
occasionally  extends  these  sheets.  ° 

There  are  two  sets  of  joints:  Set  A,  striking  N.  62°  E.  and  vertical, 
forms  headings  on  the  northwest  and  southeast  sides  and  recurs  in 
the  middle,  but  is  apt  to  be  discontinuous.  Set  B,  striking  N.  45°  W. 
and  (lipping  35°  NE.,  is  represented  by  only  two  on  the  north- 
west wall  which,  are  5  feet  apart.  The  rift  is  reported  as  horizontal 
and  the  grain  as  vertical  and  exactly  east-west.  Two  6-inch  peg- 
matite (lik(vs,  20  feet  apart,  and  several  an  inch  tliick,  traverse  the 
(juarry  vertically  with  a  N.  30°  E.  course.  The  thick  ones  are  banded, 
consistins;  of  a  central  1\-  to  2-inch  band  of  aplitic  material  with  a 
hall-iiich  border  on  one  or  l)()th  sides  made  up  of  coarse  pegmatite, 
niilk-wliite  olit^oclase  and  microcline,  and  smoky  quartz.  VerA'  fine 
garnets  occur  throui^liout  these  dikes,  some  in  bands,  and  here  and 

"  Sec  p.  28. 
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there  a  small  beryl.  There  are  also  half-inch  muscovitic  veins, 
''sand  streaks"  (p.  51),  striking  N.  45°  W.,  and  consisting  of  a  cen- 
tral band  of  mnscovite  and  quartz,  with  borders  of  (|uartz  and  feld- 
spar, Gray  and  black  knots  of  the  niicas  measure  up  to  6  by  5 
inches.  Light  rusty  stain  measures  from  6  inches  to  2  feet  on  the 
sheet  surfaces,  but  for  100  feet  vertically  in  the  center  of  the  quarry 
the  sheets  have  little  or  none  of  it. 

The  plant,  including  the  cutting  macliinery  at  the  company\s  sheds 
in  Concord,  comprises  6  derricks,  6  hoisting  engines,  4  overhead 
electric  traveling  cranes  (capacity  15  and  20  tons),  4  air  compressors 
(capacity  three  of  750,  one  of  500,  cubic  feet  of  air  per  minute),  ])elt 
driven  from  a  dynamo,  4  large  rock  drills,  15  air  plug  drills,  24  air 
hand  tools,  8  surfacers,  a  stone  saw  (Lincoln  patent  with  Hawley 
sand  feed)  for  blocks  15  feet  long,  4  stone  lathes  (2  for  stones  20 
and  23  feet  hmg,  and  2  for  balusters),  and  3  steam  pumps. 

Transportation  is  effected  by  cartage  of  about  five-eighths  mile  to  a 
siding  of  the  Boston  and  Maine  Railroad,  but  the  laying  of  a  gravity 
track  was  in  contemplation  in  1906. 

The  product  consists  mainly  of  building  stone.  Thin  sheets  and 
waste  furnish  about  100,000  paving  blocks  per  annum  as  a  by-product. 
Specimen  structures :  The  four  outer  walls  and  the  covered  driveway 
of  the  Congressional  Library,  the  outside  and  inner  court  walls  of  the 
basement  of  the  United  States  Senate  Office  Building;  Blackstcme 
Librarj^,  Chicago;  German  Savings  Bank  and  Christian  Science 
Church  in  New  York;  Camden  County  court-house,  at  Camden,  X.  J. ; 
German-American  Sa\angs  Bank,  at  Pittsburg,  Pa.;  Manufacturers 
and  Traders'  Bank,  at  Buffalo,  X.  Y. ;  Assabet  River  ])ridge,  Xorth- 
boro,  Mass:,  and  Early^  Settlers  monument,  at  Galveston,  Tex. 

Th€  Granite  Railway  quarry  (of  Con<:ord)  or  Upper  Swensoji  quarr^y^ 
is  on  Rattlesnake  Hill,  about  X.  40°  W.  from  the  statehouse  at  Con- 
cord and  260  feet  above  it.     Operator,  John  wSwenscm,  Concord,  X.  II. 

The  granite  (specimens  D,  XXVIII,  40,  c,  e),  ''Concord  granite," 
is  a  muscovite-biotite  granite  of  medium  bluish  gray  color  and  fine 
to  medium  somewhat  p()q)hyritic  texture,  with  felds])ars  uj)  to  0.5 
and  mica  plates  to  0.2  inch.  Feldspar  appears  to  ho  relatively  more 
abundant  and  biotite  less  so  than  in  the*  stone  of  the  Xew  England 
Granite  Works  quarry  (]).  147).  In  other  res])ects  the  two  gran- 
ites are  identical.  A  section  cut  at  right  angles  to  the  rift  shows 
that  the  mica  plates,  both  ])laek  and  white,  lie  with  their  fiac  sides 
parallel  to  the  rift. 

The  following  analysis  of  this  granite  was  made  by  wSherman  and 
Edwards,  chemists,  from  a  '*  thoroughly  composite  sample  carefully 

aThis  quarry  owes  its  first  name  to  the  fact  thul  it  was  origiiiiiUy  Dixjratod  by  the  (Jniiiilo  llailw.iy 
Compaoy  of  Quincy,  Mass.,  referred  to  on  p.  lou. 


150  COMMERCIAL  GRANITES  OF  MASS.,  N.   H.,  AND  R.  I. 

selected"  by  Prof.  W.  O.  Crosby,  of  the  Massachusetts  Institute  of 
Technology.  This  analysis  forms  part  of  a  report  made  by  him  for 
the  firm  in  1907,  and  is  pubUshed  here  merely  for  reference. 

Analysis  of  Concord  granite  Jrom  Swenson  quarries. 

SiOa  (silica) / 74.47 

AI2O3  (alumina) 14. 15 

FegOg  (iron  sesquioxide) 1. 16 

FeO  (iron  oxide) 1. 21 

MgO  (magnesia) 63 

CaO  (lime) 1. 70 

Na^O(soda) 1.97 

K2O  (potash) 4. 14 

S  (sulphur) 27 

CO2  (carbonic  dioxide) 25 

H2O  (water  not  combined) 06 

H2O  (water  combined) 20 

100.21 

Professor  Crosby,  in  the  same  report,  gives  two  determinations  of 
specific  gravity:  2.64  and  2.66,  average  2.65,  which  is  equivalent  to 
155.6  pounds  per  cubic  foot. 

Mr.  W.  T.  Schaller,  chemist,  of  the  United  States  Geological  Sur- 
vey, finds  that  this  granite  contains  0.17  per  cent  of  CaO  (lime) 
soluble  in  hot  dilute  acetic  acid,  which  indicates  the  presence  of 
0.30  per  cent  of  CaCOg  (lime  carbonate). 

Compression  tests  made  at  the  United  States  arsenal  at  Water- 
town,  Mass.,  in  1906  show  it  to  have  an  ultimate  compressive  strength 
of  30,830  pounds  per  square  inch  A^ath  pressure  appUed  at  right 
angles  to  rift,  but  of  23,860  pounds  with  pressure  applied  in  the 
direction  of  the  rift,  the  rift  thus  weakening  the  stone  12^  per  cent 
when  pressure  is  applied  parallel  to  it. 

The  quarry,  opened  in  1863,  measures  about  500  feet  north-north- 
east to  south-southwest  by  400  and  200  feet  in  width,  and  from  10  to 
100  feet  in  depth. 

The  sheets  are  irregular,  lenticular,  and  from  4  inches  to  14  feet 
thick,  but  mostly  from  2  to  7  feet,  and  dip  northwest  at  a  low  angle. 
There  are  two  sets  of  joints:  Set  A,  striking  N.  20°  E.  and  dipping 
70°-75°  E.,  is  spaced  10  to  100  feet  and  forms  the  west  wall  and  a 
heading  50  feet  wide  on  the  east  side.  Set  B,  striking  N.  65°  W.  and 
vertical  or  dipping  75°  S,  is  spaced  10  to  300  feet,  and  forms  the 
north  wall  and  a  heading  6  to  15  feet  wide  on  that  side.  The  rift  is 
reported  as  dipping  15°  W.,  with  a  strike  of  N.  5°-10°  E.,  and  the 
grain  as  vertical  east-west.  In  summer  time  it  is  not  necessary  to 
follow  the  <rrain  closely  in  splitting.  There  are  pegmatite  dikes  up 
to  1  \  indices  wide.  Segregations  of  the  micas  are  said  to  be  very 
rare  and  to  measure  only  4  inches.  Rusty  stain  is  up  to  8  inches 
wide,  but  is  confined  to  the  proximity  of  headings.     A  little  com- 
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pressive  strain  in  an  east-west  Jireciion  is  r^p^^ne^L  The  joint  fai^^ 
of  headings  B  are  dull  greenish  in  color,  owing  to  chloritization  of 
biotite  and  the  formation  of  fibrous  musooAito  in  the  feUlspar  ami 
between  the  particles.  The  s^xla-lime  feldspars  also  cinitain  chlorite 
and  carbonate.  Other  joint  faces  of  the  same  set  carry  stHHmilar>' 
quartz  and  calcite  crystals  and  apparently  also  tluorite.  dtvp  pur|>le 
and  white.     (See  p.  61.' 

The  plant,  including  that  of  the  lower  quarry  of  same  firm,  de- 
scribed on  this  page,  and  that  of  the  firm's  cutiinir  sIuhI  on  North 
State  street,  comprises:  7  derricks,  4  hoisting  eugim*s,  an  electric 
overhead  crane  (capacity  15  tons^  a  Rand  air  compn^ssor  U*apacity 
750  cubic  feet  of  air  per  minuted  4  large  drills.  12  air-plug  tlrills,  55 
air  hand  tools,  3  surfacers.  3  "Jenny  IJml"  polishers,  a  vertical 
polisher,  5  pendulum  polishers,  and  2  steam  pumps. 

Transportation  involves  cartage  of  one-thinl  mile  to  cutting  sheds, 
which  are  on  a  siding  of  the  Boston  and  Maine  Railn>ad. 

The  product  is  used  for  buildings  and  mommients.  and  finds  a 
market  mostly  in  the  West.  Specimen  stnietures:  City  hall  and 
Christian  Science  Church,  Boston:  Northampton  County  Savings 
Bank,  Raston,  Pa.;  Post-offices  at  Lincoln.  Nebr.,  Adrian,  Mich., 
and  Hammond,  Ind.;  pedestal  of  the  Monaghan  monument,  Spokane, 
Wash.;  New  Hampshire  soldiers'  monument,  Vicksburg,  Miss.;  ped- 
estal and  exedra  of  McKinley  Memorial,  McKinley  Park,  Chicago. 
In  1906  the  fmn  was  filling  contracts  for  the  Citizens'  National  Bank, 
St.  Clair,  Pa.;  Medico-Cliirurgical  Hospital,  Kightoenth  and  Cherry 
streets,  Philadelphia;  and  the  electric  station  of  the  Now  York  Kdi- 
son  Company,  East  Thirty-ninth  street.  New  York. 

The  HoUis  quarry  (Lower  Swenson)  is  a])oiit  000  foot  northeast  of 
the  last  and  70  feet  below  it.  It  is  also  operated  by  John  Swenson, 
Concord,  N.  H. 

The  granite  is  identical  with  that  of  the  upper  (luarry  just  described. 

The  quarry,  opened  about  1S()4,  measures  about  450  feel  north- 
south  by  300  feet  across  and  from  40  to  50  feet  in  (U'|)th. 

The  sheets  are  irreguhir  lenticuhu-  and  horizontal  or  di|)  If)''  \V. 
They  arc  from  6  indies  to  35  feet  thick.  Then*  an»  two  s(»ts  of 
joints.  Set  A,  striking  N.  25°  E.  and  dipping  Vuy"^  70"  K.,  is  spaced 
10  to  50  feet,  and  forms  headings  on  the  west  and  east  sides  and 
another  50  feet  east  of  west  wall.  Set  B,  striking  N.  ()5°  W.  to  east- 
west  and  about  vertical,  is  spaced  20  to  75  feet  and  forms  the  north- 
east wall.  There  are  several  inclusions  of  handed  gneiss,  one*  3  feet 
6  inches  by  2  feet,  another,  originally  nuicli  larger,  now  measures 
4  feet  6  inches  in  diameter  and  is  roughly  (juadrangular.  Part  of  this 
is  pegmatitic  and  part  a  ])i()tite  gn(Mss,  with  scMla-liine  feldspar 
(oligoclase-andesine)  and  garnets.  In  the  finer  parts  the  pnrticles 
do  not  exceed  0.37  niillimet(»r  in  diameter.     T\w  rift   and  grain  are 
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reported  as  the  same  as  at  the  upper  quarry.  One-inch  pegmatite 
dikes  cross  the  quarry  diagonally.  Rusty  stain  on  the  upper  sheets 
is  up  to  8  inches  thick.  The  granite  along  heading  A  on  the  west  wall 
is  much  kaolinized  and  in  places  very  limonitic.  The  surfaces  have 
frostlike  crystallizations  (dendrites),  probably  of  limonite  also. 

The  plant  and  product  of  this  quarry  have  been  combined  with 
those  of  the  Granite  Railway  quarry  on  page  151. 

The  Anderson  quarry  is  about  2  miles,  roughly,  N.  25^  W.  of  the 
statehouse  and  300  feet  west  of  North  State  street,  opposite  Park 
street.  This  is  the  most  northerly  of  the  Concord  quarries.  Oper- 
ator, Ola  Anderson,  Concord,  N.  H. 

The  granite,  "Concord  granite,^/  is  a  muscovite-biotite  granite  of 
medium  bluish-gray  color  and  fine  to  medium,  somewhat  porphyritic 

texture,  like  that  of  the  Granite 
Railway  or  Lower  Swenson  quarry, 
described  on  page  149. 

The  quarry,  opened  between 
1860  and  1870,  measures  about 
200-  feet  northwest-southeast  by 
175  feet  across  and  35  feet  in 
depth.  A  second  adjacent  open- 
ing is  50  feet  square  and  10  to  15 
feet  deep. 

The  sheets,  from  6  inches  to  6 
feet  thick,  are  irregular  lenticular 
and  dip  low  west.  There  are  five 
sets  of  joints,  whose  courses  are 
shown  in  fig.  19. 

Set  A,  vertical,  is  spaced  3  to 
10  feet  and  forms  the  west  wall.  Set  B,  vertical,  is  spaced  10  to  30 
f€H>t  and  forms  the  northwest  wall.  wSot  C  dips  55°-75°  E.,  is  spaced 
200  feet,  and  occurs  at  north  and  southwest  corners.  Set  D  dips 
50°  SE.  and  forms  heading  on  the  southeast  side.  Set  E  dips  70° 
E.  and  forms  a  heading  on  the  same  side,  intersecting  Set  D.  The 
rift  is  reported  as  about  horizontal  and  the  grain  as  vertical  with 
east-west  course.  Knots  are  reported  up  to  2  inches  in  diameter  and 
nisty  stain  from  one-fourth  to  10  inches  thick. 

The  plant  consists  of  5  derricks,  2  hoisting  engines,  an  air  com- 
pressor (capacity  237  cubic  feet  of  air  per  minute),  a  large  drill, 
4  air  pluii:  drills,  S  air  hand  tools,  and  3  surfacers. 

Transportation  is  eifected  by  a  siding  from  the  Boston  and  Maine 
Railroad. 

The  product  is  used  chiefly  for  buildings  and  the  waste  for  paving 
blocks.  Sp(H'iniens:  SoldicMs  and  sailors'  memorial  arch  in  front  of 
statehouse.  Concord;  post-oilices  at  Kankakee,  111.,  and  Gloversville, 


Fig.  19.- 


-Structuroat  Anderson  quarry,  Con- 
cord, N.  H. 
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N.  Y.;  base  course  and  first  story  of  post-office  at  Jamestown,  N.  Y.; 
sarcophagus  monument  to  Mrs.  Gilbert,  Goodland,  Ind.;  Gerhardt 
mausoleum  at  Bushwick  Junction,  Long  Island. 

The  Crowley  quarry  is  about  300  feet  south  of  the  Anderson  quarry, 
near  North  State  street.  Operator,  P.  Crowley,  434  North  State 
street,  Concord,  N.  H. 

The  granite,  ''Concord  granite,"  is  a  muscovite-biotite,  medium- 
gray  granite,  presenting  no  special  variations  from  the  general  type 
described  on  page  146. 

The  quarry,  opened  in  1865,  is  about  240  feet  northeast-southwest 
by  100  feet  across,  and  from  35  to  50  feet  deep. 

The  sheets,  from  6  inches  to  25  feet  thick,  are  horizontal  or  dip 
gently  southwest.  There  are  four  sets  of  joints.  Set  A  strikes  N. 
^{f  E.,  dips  65''-70°  E.,  and  is  spaced  3  to  25  feet.  Set  B  strikes 
N.  60^-65^  W.,  is  vertical,  and  is  spaced  50  feet.  Set  C  strikes 
north,  is  vertical  and  diagonal,  and  occurs  on  the  northwest  wall. 
Set  D  strikes  N.  lO""  E.,  dips  50°  E.,  and  is  spaced  100  feet.  In 
the  center  of  the  quarry  is  an  inclusion  of  dark  banded  bictite- 
muscovite-oligoclase  gneiss  of  slight  purplish  hue.  It  was  originally 
30  feet  high  and  pointed  at  the  top.  It  measures  30  feet  in  diameter 
at  the  base,  which  is  nearly  round  on  one  side,  but  rectangular  on 
the  other.  A  2-inch  pegmatite  dike  crosses  the  schistosity  of  the 
gneiss,  but  ends  abruptly  at  the  granite  contact.  Another  part  of 
this  inclusion  consists  of  porphyritic  granite  with  feldspars  an  inch 
long.  The  rift  is  reported  as  horizontal  or  dipping  N.  65°  W.  In 
splitting  sheets  from  the  west  the  rift  is  said  to  be  inclined,  but  in 
splitting  from  the  east  horizontal.  The  grain  is  said  to  be  vertical 
with  east-west  course  when  frozen,  but  in  summer  to  be  very  feeble. 
A  1  to  2  inch  pegmatite  dike  with  a  N.  45°  E.  course  branches  irregu- 
larly. There  are  geodes  of  coarse  feldspar,  smoky  quartz,  and  mus- 
covite  of  half-bushel  size.  Rusty  stain  measures  from  6  to  18  inches 
thick,  but  less  on  the  lower  sheets. 

The  plant  consists  of  2  derricks,  a  lioistin^r  en<rine,  and  a  steam 
drill. 

Transportation  is  by  a  siding  from  th(»  Boston  and  Maine  Rail- 
road, but  by  cartage  to  local  cutters. 

The  product  is  used  for  buildings,  monuments,  curbing,  and  paving. 
Specimen:  The  trimmings  on  the  new  high  school  at  (\)nc()rd. 

The  HenneherTy  ct*  IlaU'tgan  quarry  is  on  Rattlesnake  Hill,  one- 
fourth  mile  west  of  North  State  street  and  70  feet  above  it,  at  a 
point  one-fourth  mile  nortli  of  the  State  prison.  Operators,  Henne- 
berry  &  Halligan,  Concord,  X.  II. 

The  granite  (specimens  I),  XXVIII,  49,  a,  c),  '*C(mcord  granite, '^ 
i»  a  muscovite-biotite  granite  of  UKMlium  bluish  gray  color,  and  fine 
to  medium,  somewhat  ])orphyritic  texture,  with  feldspars  up  to  0.5 
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and  white  mica  scales  up  to  0.2  inch.  This  stone  resembles  more 
closely  that  of  the  New  England  Granite  Works  quarry  than  that  of 
the  Swenson  quarries,  being  more  micaceous  and  less  feldspathic  than 
the  latter,  but  the  black  mica  scales  are  generally  finer  than  in  the 
former,  so  that  it  has  a  larger  number  of  fine  particles.  The  firm 
regards  the  stone  as  harder  than  that  of  the  other  Concord  granites. 
The  constituents  are  the  same  as  in  the  sections  already  described  on 
pages  147,  148.  The  soda-lime  feldspar  is  oligoclase  and  contains 
some  secondary  calcite. 

The  quarry,  opened  in  1900,  is  about  200  feet  N.  25°  E.,  by  100  feet 
across,  and  from  50  to  65  feet  deep. 

The  sheets,  from  2  to  15  feet  thick,  are  somewhat  irregular  and 
horizontal  or  dip  17°-30°  NE.  There  are  2  sets  of  joints.  Set  A,  dis- 
continuous, strikes  N.  25^  E.,  is  spaced  3  to  15  feet,  and  forms  a 
heading  at  the  northeast  end.  Set  B,  strikes  about  northeast,  diagonal, 
and  is  spaced  12  to  25  feet.  The  rift  is  reported  as  horizontal  or 
nearly  so,  and  the  grain  as  vertical  with  a  northeast  course.  Three 
gametiferous  pegmatite  dikes,  1  to  4  inches  thick,  in  a  space  of  2i 
feet,  strike  about  N.  45°  W.  and  dips  60°  SE.  Rusty  stain  is  about  4 
inches  thick  on  sheet  surfaces. 

The  plant,  at  the  quarry,  includes  3  derricks,  a  hoisting  engine,  a 
steam  drill,  and  a  steam  pump.  At  the  cutting  shed  in  Concord  it 
comprises  2  derricks,  2  air  compressors  (capacity  135  and  78  cubic 
feet  of  air  per  minute),  2  electric  motors,  an  air  plug  drill,  a  surfacer, 
and  an  air  hand  tool. 

Transportation  involves  cartage  of  one-eighth  mile  to  Boston  and 
Maine  Railroad,  or  1 J  miles  to  cutting  shed  on  Prospect  street. 

The  product  is  used  entirely  for  monuments.  Specimens:  Fay 
sarcophagus,  Dewitt,  Iowa;  Sielaff  sarcophagus,  Milwaukee,  Wis.; 
Raines  sarcophagus,  Memphis,  Tenn. ;  McElwee  sarcophagus,  Homer, 
111.;  iVlten  cross,  Elyria,  Ohio.  In  1906  an  elaborately  carved  sar- 
cophagus (Crippen)  was  being  cut  for  the  Blossom  Hill  Cemetery, 
Concord,  and  several  for  Syracuse,  N.  Y. 

The  Fox  quarry  is  on  Rattlesnake  Hill,  110  feet  above  North  State 
street,  N.  43°  W.  fiom  the  statehouse,  and  about  half  a  mile  N.  40°  E. 
from  the  New  England  Granite  Works  quarry.  Operator,  Thomas 
Fox,  272  North  State  street,  Concord,  N.  H. 

Tlio  ti^ranite,  '^Concord  granite,"  is  a  nuiscovite-biotite  granite  of 
mediiun  bkiish  ^ray  color  and  fine  to  medium  somewhat  porplnTitic 
toxturo,  r(»senil)ling  that  of  the  Granite  Railway  quarry  more  than 
that  of  the  Now  Enf]:land  Granite  Works  quarry.      (See  p.  149.) 

The  quarry,  opencHl  in  1SS4-5,  a  plan  of  which  is  given  in  fig.  20, 
mcuisures  about  200  and  300  feet  by  175  feet  across  and  from  40  to 
70  feet  deep. 

The  sheets  are,  for  tliis  re^cioii,  exceptionally  regular,  dip  10°  SW.. 
;ii)(l  fjoin  2  to  20  feet  thick.     TluM'e  are  3  sets  of  joints.      (See  fig.  20.) 
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Set  A,  vertical  to  steep  east-southeast,  is  spaced  3  to  30  feet  and 
forms  east  and  west  walls  and  the  headings  on  the  east  side  and 
center.  Set  B,  vertical  to  steep  east,  is  spaced  10  feet  and  over.  Set 
C,  spaced  10  to  70  feet,  is  apt  to  be  discontinuous.  The  rift  is  reported 
as  dipping  5^-7°  SW.  and  the  grain  as  vertical  with  a  N.  70°  E.  course. 
The  stone  splits  more  easily  along  the  rift  in  winter  than  in  sunmier. 
In  the  northern  part  a  10-foot  band  of  granite,  without  the  bluish 
tint  of  the  rest,  strikes  N.  60°  W.  and  dips  90°.  The  cause  of  the 
difference  is  not  clear,  unless  it  be  the  micacization  of  the  potash  feld- 
spar. It  contains  zonally  arranged  particles  of  quartz  and  oligoclase. 
The  course  of  this  band  presumably  indicates  the  flow  direction  of 
the  granite.  On  one  or  both  sides  of  it  is  an  inch  vein  of  muscovite. 
Pegmatite  dikes  measure  up  to  1 J  inches  in  thickness.  There  are 
spheroidal  segregations,  from  6  inches  to  3  feet  by  2  feet  6  inches, 
of  a  porphyritic  granite  of  bluish  gray  shade,  darker  than  any  Con- 
cord granite.  The  matrix  is 
fine-textured  (particles  0.18 
to  0.74  millimeter) ;  the  feld- 
spars measure  up  to  0.4 
inches,  and  the  mica  to  0.2 
inches.  The  constituents  are 
the  same  as  those  of  Concord 
granite.  The  sheet  surfaces 
are  mostly  free  from  rusty 
stain,  and  it  is  said  never  to 
exceed  4  inches  in  thickness. 
One  of  the  joint  faces  carries 
chlorite,  calcite,  and  pyrite. 

The  plant,  including  that 
of  the  cutting  shed  on  North 
State  street,  comprises  3  der- 
ricks (one  with  a  95-foot  mast  and  a  75-f()ot  boom),  2  hoisting  engines, 
an  air  compressor  (capacity  140  cubic  feci- of  air  per  minute),  2  steam 
drills,  an  air  plug  drill,  15  air  hand  tools,  a  surfacer,  3  ''Jenny  Lin,d'^ 
polishers,  and  a  steam  pump. 

Transportation  involves  cartage  of  one-fourth  mile  to  a  siding  of 
the  Boston  and  Maine  Railroad,  or  of  three-fourths  mile  to  the  cut- 
ting shed. 

The  product  is  used  for  Ixiildings  and  monuments.  Specimens: 
Church  of  Christ,  Scientist,  Concord,  X.  II.;  Shelden  Librar}^,  St. 
Paulas  School,  Concord;  entrance  to  Forest  Lawn  Cemeter}^,  Buffalo; 
Soldiers*  monument,  Warner,  and  Carpenter  tomb,  Mancliester,  N.  H. 

The  Perry  quarry  is  on  Rattlesnake  Hill,  N.  50°  W.  from  the  state- 
house  and  360  feet  above  North  State  street.  This  is  the  most 
southerly  of  the  Concord  quarries.  Operator,  W.  II.  Perry  &  Co., 
Concord,  N.  H. 


Fig.  20. 


Stnicluro  and  plun  of  Fox  quarrj%  Concord, 
N.  H. 
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The  granite,  ''Concord  granite,"  is  a  medium  bluish  gray  muscovite- 
biotite  granite  of  fine  to  medium  somewhat  porphyritic  texture, 
closely  resembling  that  of  the  New  England  Granite  Works  quarry 
described  on  page  147. 

The  quarry,  opened  in  1873,  measures  250  feet  N.  75*^  W.  by  125 
to  250  feet  N.  lO""  E.,  and  from  60  to  100  feet  in  depth. 

The  sheets,  from  1  to  18  feet  thick,  are  about  horizontal.  There 
are  4  sets  of  joints.  Set  A,  striking  N.  10°  E.  and  dipping  steeply 
east,  is  spaced  5  to  20  feet.  Set  B,  striking  N.  75°  W.  and  vertical, 
is  spaced  18  to  35  feet.  Set  C,  striking  N.  30°  E.  and  dipping  50° 
E.,  is  spaced  200  feet.  Joint  D,  striking  N.  45°  W.  and  dipping 
75°  S.  45°  W.,  occurs  only  at  the  northeast  comer.  That  comer  is 
much  jointed  and  some  of  the  joints  are  exceptional.  The  rift  is 
reported  as  horizontal,  and  the  grain  as  vertical  with  N.  80°  W. 
course.  A  4  to  5  inch  pegmatite  dike  occurs  with  a  N.  85°  W. 
course  and  a  vertical  dip.  Rusty  stain  does  not  exceed  4  inches 
and  is  absent  from  some  sheets. 

The  plant,  including  that  of  the  cutting  shed  in  Concord,  com- 
prises 4  derricks,  a  hoisting  engine,  an  air  compressor,  7  air  hand 
tools,  2  surfacers,  a  steam  drill,  3  *' Jenny  Lind''  polishers,  a  polishing 
lathe  for  stones  8  by  4  feet,  an  electric  motor,  and  2  steam  pumps. 

Transportation  involves  3  miles'  cartage  from  the  quarry  to  the 
cutting  shed,  which  is  on  the  Boston  and  Maine  Railroad. 

The  product  is  used  mostly  for  monuments.  Si)ecimen:  Greorge 
Fogg  monument,  in  Blossom  Hill  Cemetery,  Concord,  N.  H. 

The  Duffy  prmpect  is  on  Rattlesnake  Hill,  N.  50°  W.  from  the  state- 
house  and  40  feet  lower  than  the  Perry  quarry.  Operator,  N.  J. 
Duffy,  Concord,  N.  H. 

Tlie  granite,  '^Concord  granite,'*  corresponds  to  that  of  the  New 
England  Granite  Works  quarry  described  on  page  147. 

'The  quarry,  opened  in  1906,  measures  about  50  feet  east-west  by 
25  feet  across  and  but  a  few  feet  in  depth. 

The  sheets  are  thick.  Joints  will  probably  be  found  to  be  similar 
to -those  at  the  Perry  quarry.  Knots,  2  inches  in  diameter,  and  a 
2-incli  pegmatite  dike  were  noted. 

The  plant  consists  of  2  derricks  and  1  engine. 

Transportation  is  by  cartage  of  a  mile  to  the  cutting  shed,  which 
is  on  the  Boston  and  Maine  Railroad. 

MILFOIU).     N.     JI. 

To])ogmj)hy. — The  Milford  (juarries  lie  within  a  radius  of  4  miles  of 
Milford  vilhv<2:e  and  between  southwest,  south,  and  southeast  direc- 
tions from  it.  A  few  lie  northwest  of  it.  The  region  about  Milfonl 
as  shown  on  the  Milford,  N.  H.,  topographic  sheet  of  the  United 
States  Geological  Survey,  is  marked  by  hills  and  short  ridges,  from 
440  to  760  feet  above  sea  level,  trending  north  to  south  or  north- 
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northeast  to  south-southwest.  The  highest  of  these  hills  are,  Bums 
Hill  (720  feet)  and  Badger  Hill  (760  feet),  southwest  of  the  village, 
and  Federal  Hill  (700  feet)  southeast  of  it.  This  hilly  surface  is, 
however,  bisected  east  and  west  by  the  valley  of  Souhegan  River, 


Quarry  site 


Contour  interval  20  feet 


Roads 


Fio.  21.— Map  of  vicinity  of  Milford,  N.  IT.,  showing  locations  of  gninito  quarries.  1,  New  Westerly 
quarry.  New  Westerly  Granite  Company.  2,  Carlton  quarry.  A.  E.  Carlton.  3,  Bishop  quarry,  John 
B. Bishop.  4, Comolli  quany,  ConioUi  Bros.  &  Co.  5,  Paradise qiiarr\',  Milford,  Nashua  Lake  Street 
Granite  Company.  6,  Tonella  New  quarr>'.  Tonella  <fc  Sons.  7,  Souhegan  quarrj-,  Daniels  Granite 
Company.  8,  Lovejoy  quarry,  Lovejoy  Granite  Company.  9}  I'ease  quarr>',  Milford  Quarry  and 
Construction  Company.  10,  Kittrwlgo  quarr>',  Edward  L.  Kittredge.  11,  Tonella  Old  (luarry, 
Tonella  &  Sons.  12,  Hayden  quarr\',  Henr>'  W.  llayden.  13,  Young  quarr>',  Young's  Sons  6i  Co. 
14,  Milford  Granite  Company,  south  opening.    15,  Milford  Granite  Company,  north  opening. 

which  hereabouts  flows  between  the  206  and  240  foot  levels.  The 
locations  of  the  quarries,  shown  on  the  map  (fig.  21),  are  not  troverned 
by  the  topography.  None  of  them  are  above  the  400-foot  level  or 
130  feet  above  the  bench  mark  at  Milford  village. 
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Geology  of  Milfordy  N.  J/.,  quarries, — The  most  interesting 
geological  features  of  the  Milford  granite  quarries  are  the  contact 
phenomena  and  inclusions.  The  former  have  been  fully  described 
on  page  62  and  are  illustrated  in  fig.  5  and  PI.  VI,  A,  At  these 
places  remnants  of  the  gneisses  which  once  probably  overlay  the 
granite  mass  of  the  entire  region  are  preserved.  As  these  gneisses 
are  evidently  themselves  granitic  rocks  which  under  powerful  com- 
pression have  undergone  chemical  and  textural  changes  and  become 
schistose,  we  are  led  to  conclude  that  the  Milford  region  has  been  the 
scene  of  two  intrusions  of  rock  material  in  molten  condition,  with  an 
intervening  period  of  metamorphism.  The  gneiss  now  capping  the 
granite  at  the  quarries  of  the  Milford  Granite  Company  (p.  173)  rep- 
resents the  earlier  granitic  rock  metamorphosed,  the  presence  of 
which  supplied  part  of  the  pressure  which  made  possible  as  granite  the 
stone  which  is  now  quarried. °  The  strike  of  the  gneiss  foliation  is 
N.  75°  W.,  which  furnishes  a  clue  to  the  direction  from  which  came 
the  compression  which  metamorphosed  the  earlier  granite.  It  is 
assumed,  of  course,  that  these  few  feet  of  gneiss  are  but  the  shreds  of 
a  mass  which  originally  measured  many  hundred  feet  in  thickness,  but 
which  was  eroded  mainly  in  preglacial  time.  The  pegmatite  dikes, 
which,  "apparently  starting  at  the  contact,  run  up  into  the  gneiss,  as 
shown  in  PI.  VI,  A,  were  probably  formed  at  the  time  of  the  intrusion 
of  the  underlying  granite.  This  original  gneiss  of  the  region  is  also 
exposed  at  the  Tonella  quarries.  (See  pp.  164,  165.)  At  two 
quarries  fragments  of  coarse  biotite  gneiss  occur  as  inclusions  in  the 
granite.  (See  pp.  169,  176.)  These  probably  formed  part  of  the 
same  overlying  gneiss,  which  indeed  they  closely  resemble.  This 
was  fractured  by  the  vertical  and  lateral  strain  accompanying  the 
intrusi(m,  and  fragments  fell  into  the  rising  semiliquid  fused  mass. 
There  is  also  at  several  quarries  a  marked  banding  in  the  granite, 
with  courses  of  X.,  X.  15°,  20°,  50°,  70°  E.,  and  X.  75^-80^  W;,  which 
must  have  been  caused  b}"  the  granite  current  (flow  structure).  At 
the  Daniels  quarry  (p.  169)  a  roughly  diamond-shaped  inclusion  of 
gneiss,  over  3  feet  in  diameter,  has  a  flow  structure  about  it  parallel 
to  its  surface,  showing  that  while  the  plastic  material  was  adjusting 
itself  to  the  foreign  body  a  zonal  rearrangement  of  the  mineral  con- 
stituents of  the  granite  took  place.  The  occurrence  of  pegmatite 
dikes  in  gr()U])s  of  parallel  courses  in  Milford  granite  has  already 
boon  discussed  (p.  4S),  and  is  shown  in  PI.  VI,  B.  The  courses 
of  pco;niatito  dikes  at  the  (juarries  are  X.  20°,  25°,  30°,  75°  E.  and 
X.  2()'-,  25°,  5(r\  65°  W.  These  must  ho  attributed  to  a  secondary 
intrusion  in  the  j^ranito  in  openin^rs  p()ssi})ly  due  to  contraction.  The 
pe^nnatitos  thus  ro])resent  a  third  access  of  heated  matter  to  this  por- 
tion of  th(^  crust.     Finally  the  basic  dikes,  noted  on  j)ages  162,  163,  167, 
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represent  a  fourth  and  probably  much  later  injection  of  rock  material 
in  molten  condition.  The  effect,  direct  or  indirect,  of  these  dikes 
in  reddening  the  adjacent  granite  is  very  noticeable  (see  pp. 
163, 167),  and  appears  to  be  due  to  the  hematitization  of  the  feldspars 
either  by  the  oxidation  of  magnetite  by  water  or  by  the  deoxidation 
of  limonite  by  heat.  The  most  abundant  set  of  joints  strikes  N. 
70^-85^  W.,  its  complementary  set  striking  N.  10°-30°  E.  Others 
strike  N.,  N.  35^-40°,  45^-50°,  60°  E.  and  N.  30°,  50°,  60°  W.  The 
rift  is  reported  at  all  the  quarries  as  either  horizontal  or  inclined  at 
a  very  low  angle  south  or  S.  70°  W.  or  west.  The  grain  is  reported 
as  vertical  or  dipping  70°  north  with  a  course  of  N.  60°-90°  W.,  in 
one  place  N.80°E.   The  sheets  are  from  3  inches  to  30  feet  thick. 

Description  of  Milford,  N.  H.,  granite. — The  following  combines  all 
the  more  detailed  descriptions  of  specimens  and  thin  sections  given 
on  pages  160-176. 

Milford,  N.  H.,  granites  are  quartz  monzonites  "  of  light,  medium, 
and  dark-^ay  shade,  in  places  of  a  slight  bluish,  pinkish,  or  buff 
tinge,  and  always  spangled  with  black  mica.  Their  texture  is,  with 
one  exception,  even  grained,  and  very  fine  to  fine,  with  feldspars 
and  mica  in  the  very  fine  up  to  0.1  inch  and  in  the  fine  to  0.2  inch. 
The  constituents  of  these  monzonites,  in  descending  order  of  abun- 
dance, are:  Clear  to  slightly  smoky  quartz  with  cavities  (in  sheets) 
up  to  0.008,  0.017,  0.03  millimeter,  and  in  some  quarries  with  hair- 
like crystals,  probably  of  rutile;  clear,  colorless  to  milk  white,  or 
bluish,  greenish,  or  pinkish  soda-lime  feldspar  (oligoclase),  some- 
what kaolinized  and  micacized;  clear,  colorless  to  milk  white,  or 
bluish,  greenish,  pinkish,  or  cream-colored  potash  feldspar  (microcline 
with  or  without  orthoclase),  in  places  slightly  kaolinized  and  mica- 
cized;  black  mica  (biotite),  some  of  it  chloritized  or  bleached. 
Both  feldspars  are  intergrown  with  quartz  circular  in  cross  section. 
The  accessory  minerals  are:  Magnetite,  pyrite,  apatite,  zircon, 
allanite,  and  rutile;  the  secondary:  Chlorite,  two  white  micas, 
carbonate,  kaolin,  limonite,  and  hematite. 

Estimates  of  the  mineral  percentages  by  the  application  of  the 
Rosiwal  method  to  camera  lucida  drawings  of  3  thin  sections  of 
the  very  fine  Milford  granite  from  3  widely  separated  quarries 
(pp.  164,  170,  173)  yield  the  following  results: 

Average  estimates  of  mineral  percentoffes  in  Milford,  N.  //..  monumental  granite. 

Quartz 27.09 

Soda-lime  feldspar  (oligoclase) 34. 03 

Potash  feldspars  (microcline  14.15;  orthoclav'^e  1 5.57 ) 29.  72 

Black  mica 8.58 

Magnetite 25 

Minor  acceBSories 33 

100.00 
"Soc  Glossary,  p.  219. 
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As  the  percentages  of  quartz,  soda-lime  feldspar,  »nd  mica  varied 
considerably  in  the  separate  estimates,  the  averages  f6r  these  min- 
erals are  more  dependable. 

The  average  diameter  of  the  particles  in  these  three  granites,  as 
determined  by  the  same  method,  is  0.0095  inch,  which  is  about 
the  same  as  the  average  of  three  Westerly,  R.  I.,  ''blue  granites," 
given  on  page  192  as  0.0099  inch. 

Messrs.  Sullivan,  Schaller,  and  Steiger,  chemists,  of  the  United 
States  Geological  Survey,  found  that  granite  from  5  Milford,  N.  H., 
quarries  contained  from  0.11  to  0.26  per  cent  of  CaO  (lime)  soluble 
in  hot  dilute  acetic  acid,  or  an  average  of  0.16  per  cent,  which  indi- 
cates a  content  of  from  0.19  to  0.46  per  cent,  or  an  average  of  0.29 
per  cent,  of  CaCOg  (lime  carbonate).  The  presence  of  this  car- 
bonate is  also  shown  by  the  microscope  and  by  effervescence  with 
cold  dilute  muriatic  acid. 

The  finer  Milford  granites,  which  are  properly  monumental  granites, 
take  a  high  i)olish,  to  which  the  fineness  of  the  mica  contributes. 
The  hammered  face  of  these  quart  zmonzonites  offers  quite  a  little 
contrast  to  the  polished  face,  owing  to  their  large  percentage  of 
soda-lime  feldspar.  The  particles  are  so  fine  that  the  only  contrast, 
that  between  the  mica  and  the  other  particles,  is  only  visible  at  a 
short  distance.  In  the  coarser  Milford  granites,  in  which  the  mica 
measures  0.2  inch  in  two  of  its  diameters,  this  contrast  is  more 
marked.  The  chief  characteristics  of  all  these  finer  granites  are  the 
uniformity  and  delicacy  of  their  shade  or  tint,  the  variety  of  tints 
obtainable  at  the  different  quarries,  and  the  adaptability  of  the  stone 
for  fine  carving.  The  coarser  ililford  granites  are  entirely  con- 
structional. 

The  Milford,  N.  II.,  quarries. —  The  Love  jay  quarry  is  in  South 
Milford,  about  2  miles  8.  25°  W.  of  Milford  village,  on  the  380-foot 
level,  on  the  southwest  side  of  an  oblong  hill  440  feet  high.  (See 
fig.  21.)     Operator,  Lovejoy  Grauite  Company,  Milford,  N.  H. 

The  granite  vspecimen  D,  XXVIII,  51,  b)  is  a  quartz  monzonite  of 
light-gray  shade  spangled  with  black  mica.  Its  texture  is  even 
grained,  fine,  inclining  to  mediiini,  with  feldspars  and  mica  up  to  0.2 
inch.  It  consists,  in  descending  order  of  abundance,  of  a  milk-white 
potash  feldspar  (niicrocline  and  orthoclase);  in  almost  equal  amount 
a  clear  to  milk-white  soda-lime  feldspar  (oligoclase),  partly  kaolin- 
ized  and  micacized :  light  smoky  (juartz;  biotite  (black  mica),  some 
of  it  ciiloritized.  Accessory  minerals  are:  AUanite,  zircon,  apatite. 
vSecondary:  Chlorite,  two  white  micas,  kaolin,  carbonate,  and 
hematite. 

Mr.  George  Steiger,  chemist,  of  the  United  States  Geological  Survey, 
finds  tiiat  this  granite  contains  0.14  per  cent  of  CaO  (lime)  soluble  in 
hot  dilute  acetic  acid,  which  indicates  the  content  of  0.25  per  cent 
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of  CaCOg  (lime  carbonate) ;  the  microscope  also  shows  the  presence  of 
a  carbonate,  and  the  stone  effervesces  slightly  with  dilute  muriatic  acid. 

The  quarry,  opened  about  1886,  measures  477  feet  N.  35°  E.  by 
150  feet  across  and  from  5  to  20  feet  in  depth. 

The  sheets,  from  3  inches  to  10  feet  thick,  but  mostly  up  to  5  feet 
6  inches,  dip  5°  to  10°  east  and  southeast.  There  is  but  one  set  of 
joints,  which  is  vertical,  striking  N.  85°  W.,  recurs  at  intervals  of 
40,  100,  and  330  feet,  and  forms  a  4  to  10  foot  heading  140  feet  from 
the  north  end.  The  rift  is  reported  as  horizontal  but  tending  to 
incline  with  the  sheets,  the  grain  as  vertical  with  N.  85°  W.  course. 
In  summer  the  rock  splits  without  reference  to  rift  and  grain.  A 
flow  structure,  shown  by  more  micaceous  bands  alternating  with 
some  2-inch  white  ones,  strikes  N.  40°  W.  and  dips  25°  NE.  Peg- 
matite dikes,  up  to  2  inches  thick,  strike  N.  65°  W.,  exceptionally 
N.  25°  E.  They  consist  of  half-inch  particles  of  clear  to  milky  striated 
soda-lime  feldspar  (oligoclase),  light  smoky  quartz,  and  black  mica 
with  magnetite  and  pyrite.  There  are  no  knots.  Rusty  stain  is  light, 
and  up  to  6  and  18  inches  thick,  but  is  not  present  on  all  sheets. 

The  plant  consists  of  3  derricks,  2  hoisting  engines,  an  air  com- 
pressor (capacity  935  cubic  feet  of  air  per  minute),  2  large  drills,  12 
air  plug  drills,  2  surfacers,  and  a  steam  pump. 

Transportation,  as  shown  on  the  map  (fig.  21),  is  by  siding  from 
the  Boston  and  Maine  Railroad. 

Specimen  structures:  Pier  4  of  Haverhill  bridge,  Essex  County, 
Mass. ;  piers  4  and  6  of  the  railroad  bridge  at  the  same  place ;  trim- 
mings of  Majestic  Theater,  Chicago;  and  Ferguson  mausoleum  at 
Kenrico  Cemetery,  New  York. 

The  Kittredge  quarry  is  in  South  Milford,  about  IJ  miles  S.  15°  W. 
of  Milford  village,  on  the  360-foot  level,  on  the  opposite  side  of  the 
same  hill  the  Lovejoy  quarr}^  is  on.  (See  fig.  21.)  Operator,  Ed- 
ward L.  Kittredge,  Milford,  N.  II. 

The  granite  (specimen  D,  XXVIII,  50,  b)  is  a  quartz  monzonite 
of  light-gray  shade  (with  ver}^  slight  bluish  tinge  apparent  when  the 
stone  is  in  large  masses)  spangled  with  black  mica.  Its  texture  is  even 
grivined,  fine,  inclining  to  medium,  with  feldspars  up  to  0.2  and  mica 
to  0.1  inch.  In  4  thin  sections  the  particles  do  not  exceed  2.06  mili- 
meters,  or  0.012  inch,  and  most  of  them  are  not  2.2  milimeters  or 
0.08  inch.  At  \evy  rare  intervals  porphyritic  feldspars  occur  up  to 
IJ  inches  in  diameter.  Its  c^)nstituents,  in  (l(\scen(ling  order  of 
abundance,  are:  Very  slightly  bluish  milk-white  potash  feldspar 
(microcline  intergrown  with  quartz,  and  orthoclastO ;  in  almost  if 
not  quite  equal  amount  clear,  colorless  to  milk-white  soda-lime  feld- 
spar (oligoclase),  partly  micacized  and  kaolinized;  light  smoky  quartz 
with  sheets  of  cavities  and  rift  or  grain  cracks  parallel  to  them;  and 
biotite  (black  mica),  some  of  it  chloritized.  Accessory  minerals  are: 
50193— Bull.  354-08 11 
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Magnetite,  allanite,  zircon,  and  apatite.  Secondary:  Kaolin,  chlo- 
rite, white  mica,  and  limonite.  In  the  upper  sheets  the  stone  is  of 
light  cream  color  owing  to  limonite  proceeding  from  magnetite  and 
allanite  particles. 

A  very  fine  monumental  granite  (specimen  D,  XXVIII,  50,  a), 
forming  a  band  20  feet  wide  at  the  south  end  of  the  quarry,  is  also  a 
quartz  monzonite  of  light-gray  shade  with  very  slight  bluish  tinge 
and  spangled  with  fine  black  mica.  Its  texture  is  very  fine,  with 
feldspars  rarely  over  0.1  and  mica  not  over  that.  In  thin  section  the 
feldspars  measure  up  to  1.85  millimeters  and  the  mica  0.74  millime- 
ter. The  constituents  are  like  those  of  the  coarser  stone  but  the 
potash  feldspars  appear  to  predominate.  The  quartz  contains  hair- 
like crystals,  probably  rutile,  and  sheets  of  cavities  intersecting  at 
right  angles,  with  cracks  parallel  to  at  least  one  of  the  sets  of  sheets. 

The  main  product  (specimen  50,  b)  is  a  constructional  granite 
closely  resembling  that  of  the  Love  joy  quarry  on  the  other  side  of 
the  hill  but  with  slightly  finer  mica  scales  and  a  more  bluish  tinge 
in  large  masses.  It  effervesces  very  slightly  with  dilute  muriatic 
acid. 

The  quarry,  opened  about  1890,  measures  800  feet  north-south  by 
200  feet  across  and  from  5  to  40  feet  in  depth.  The  working  face  is 
on  the  southwest. 

The  sheets  are  lenticular,  from  4  inches  to  2  feet  10  inches  thick, 
and  dip  at  a  low  angle  north  and  east.  There  are  3  sets  of  joints: 
Set  A  striking  N.  22°  E.  and  vertical,  forms  a  heading  5  to  7  feet  wide 
on  each  side  of  a  basic  dike.  Set  B,  striking  N.  70*^  and  vertical,  is 
spaced  200  feet.  Set  C,  striking  N.  45''  E.  and  dipping  55*"  N.  45° 
W.,  is  exceptional.  The  rift  is  reported  as  horizontal  and  the  grain 
as  vertical  with  a  N.  80°  E.  course.  A  flow  structure  marked  by 
parallel  bands  of  abundant  black  mica  strikes  N.  20°  E.  also  N.  50° 
E.,  with  a  dip  of  20°  NNW.  and  NW.  A  basic  dike,  a  foot  thick, 
striking  N.  22°  E.  and  vertical  forms  the  east  wall.  This  is  intimately 
related  to  joint  system  A.  Pegmatite  dikes,  IJ  to  3  inches  thick, 
strike  N.  20°  and  50°  W.,  forming  in  one  place  a  network  with  meshes 
15  feet  square.  An  obscure  whitish  vein,  1  inch  thick,  probably 
quartz,  strikes  N.  10°-15°  W.  Rusty  stain,  4  to  8  inches  thick, 
occurs  on  some  of  the  sheet  surfaces.  The  top  sheets  are  cream 
colored  from  a  slight  general  discoloration.     (See  p.  56.) 

The  plant  consists  of  7  derricks,  3  hoisting  engines,  an  air  com- 
pressor (capacity  210  cubic  feet  of  air  per  minute),  2  large  drills,  and 
12  air  plug  drills. 

Transportation  is  by  a  siding  from  the  Boston  and  Maine  Railroad, 
as  shown  on  map  (fig.  21).  Seven-eighths  of  the  product  consists  of 
paving,  curbing,  flagging,  and  crossings,  the  remainder  being  dimen- 
sion stone  and  bases  for  monuments.  Its  markets  are  chiefly  Boston, 
Albany,  and  their  vicinities. 
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The  Pease  quarry  is  in  South  Milford,  about  1 J  miles  S.  25*^  W.  of 
Milford  village,  on  the  350  feet  level,  on  the  same  hill  the  Love  joy 
and  Bjttredge  quarries  are  on.  (See  fig.  21.)  Operator,  Milford 
Quarry  and  Construction  Company,  Milford,  N.  H. 

The  granite  in  the  east  half  of  the  quarry  is  a  quartz  monzonite 
of  light-^ay  shade  (with  very  slight  bluish  tinge  apparent  only  in 
large  masses  of  the  stone)  and  spangled  with  black  mica.  Its  tex- 
ture is  fine,  inclining  to  medium,  with  feldspar  and  mica  up  to  0.2 
inch.  Its  constituents  are  identical  with  those  of  specimen  50,  b, 
from  the  Kittredge  quarry,  page  161. 

The  granite  from  the  west  half  of  the  quarry  (specimen  D,  XXVIII, 
64,  a),  "pink  stock,''  is  a  quartz  monzonite  of  light  buff-gray  color 
spangled  with  black  mica.  Its  texture  is  even  grained,  fine,  inclin- 
ing to  medium,  with  feldspar  and  mica  up  to  0.2  inch.  Its  constit- 
uents, in  descending  order  of  abundance,  are:  Light  smoky  quartz 
with  cavities  in  sheets,  many  parallel;  colorless,  transparent  to  milk- 
white  soda-lime  feldspar  (oligoclase);  light  buff-gray  potash  feldspar 
(microcline) ;  both  feldspars  are  somewhat  kaolinized  and  micacized; 
and  biotite  (black  mica),  some  of  it  chloritized.  Accessory  minerals 
are:  Magnetite,  apatite,  and  zircon.  Secondary:  Kaolin,  white  mi- 
cas, chlorite,  and  carbonate.  It  effervesces  slightly  with  cold  dilute 
muriatic  acid. 

This  is  a  constructional  granite  of  warm  tint  with  conspicuous 
small  black  micas. 

The  quarry,  opened  in  1886,  measures  about  600  feet  east-west  by 
400  and  300  feet  from  north  to  south,  and  from  35  to  60  feet  in  depth. 

The  sheets  are  lenticular,  from  2  to  22  feet  thick,  and  have  a  slight 
northerly  dip.  There  are  2  sets  of  joints:  Set  A,  striking  N.  15°  E., 
vertical,  and  spaced  50  to  200  feet,  forms  headings  on  west  wall  and 
200  feet  east  of  it  next  to  the  dikes.  Set  B,  striking  N.  80°  W.  and 
dipping  75°  south,  is  spaced  5  to  50  feet  and  occurs  on  north  and 
south  walls.  The  rift  is  reported  as  horizontal  and  the  grain  as 
vertical  with  N.  65°  W.  course.  A  flow  stnicture,  shown  by  biotitic 
bands,  alternating  with  more  feldspathic  and  quartzose  ones,  strikes 
N.  70°-75°  W.,  and  dips  25°  south.  This  is  conspicuous  on  the  south 
side  but  at  the  southwest  corner,  where  the  granite*  is  overlain  by  a 
gneiss  as  shown  in  fig.  5  (p.  63),  the  flow  structure  has  a  N.  70°-75°  E. 
course  and  dips  20°-25°  S.  The  strike  of  the  gneiss  is  N.  75°  W. 
and  the  dip  20°  S.  This  gneiss  consists  of  light-gray  to  milk- 
white  soda-lime  feldspar  (oligoclase),  smoky  quartz,  biotite,  with 
magnetite,  apatite,  and  zircon.  It  is  thus  a  mica  diorite  gneiss. 
There  are  2  basic  dikes  striking  N.  15°  E.  and  vertical,  one,  4  feet 
thick,  makes  the  west  wall;  the  other,  12  to  18  inches  thick,  forms  a 
jog  200  feet  east  of  it.  Within  50  feet  of  the  thicker  dike  the  granite 
passes  from  a  light  buff  gray  to  a  medium  pinkish  gray,owing  to  tli(^ 
darkening  of  the  feldspars  and  to  hematitic  stain.     These  dikes  arc 
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also  the  probable  cause  of  the  difference  between  the  color  of  the 
granite  in  the  western  and  eastern  halves  of  the  quarry,  the  amount 
of  hematitic  stain  increasing  with  the  nearness  of  the  dikes.  (See 
pp.  36, 55.)  A  4-inch  pegmatite  dike  strikes  N.  65°  W.  and  consists  of 
quartz,  white  feldspar,  and  biotite,  the  particles  being  up  to  2  inches 
in  diameter.  Limonitic  stain  up  to  2  inches  thick  occurs  on  some 
sheets  only. 

The  plant  consists  of  4  derricks  (2  with  a  capacity  of  25  tons), 
3  hoisting  engines,  an  air  compressor  (capacity  345  cubic  feet  of 
air  per  minute),  a  large  drill,  12  air  plug  drills,  2  surfacers,  and  a 
steam  pump. 

Transportation  is  effected,  as  shown  on  the  map  (fig.  21),  by  a 
siding  from  the  Boston  and  Maine  Railroad. 

The  product  is  used  for  bridges  and  buildings  and  the  waste  for 
paving.  Specimen  building  of  ''pink  stock:"  Thayer  Memorial 
Library  at  Franklin,  Mass  Contracts  in  1906:  Neponset,  Mass., 
railroad  bridge;  piers  12,  25,  26,  and  32  on  the  Prison  Point  Street 
bridge  (Boston  and  Maine  Railroad),  East  Cambridge,  Mass.;  and 
east  side  coping  of  the  Atlantic  Avenue  Bridge,  Boston. 

The  ToneUa  old  quarry  is  in  South  Milford,  IJ  miles  south  of  Mil- 
ford  village.     ( See  fig.  21.)     Operators,  Tonella  &  Sons,  Milford,  N.  H. 

The  granite  (specimens  D,  XXVIII,  54,  a,  b)  is  a  quartz  monzon- 
ite  of  light-gray  shade  (without  either  bluish  or  greenish  tinge),  with 
very  minute  black  spangles. 

Its  texture  is  fine,  even  grained*  with  feldspars  up  to  0.15  inch, 
and  black  mica  in  slender  scales  but  exceptionally  over  0.1  inch. 
Its  constituents,  in  descending  order  of  abundance,  are:  Very  Ught 
smoky  quartz  with  hairlike  crystals,  probably  of  rutile,  and  cavities 
in  sheets;  colorless  clear  to  milk-white  soda-lime  feldspar  (oligoclase) 
slightly  kaolinized  and  micacized;  very  Ught  gray  potash  feldspar 
(microclinc  and  orthoclase),  mostly  intergrown  with  quartz  circular 
in  cross  section,  and  in  some  cases  very  slightly  kaolinized;  and 
biotite  (black  mica),  some  of  it  chloritized.  Accessory  minerals  are: 
Magnetite,  zircon,  allanite,  apatite,  and  rutile.  No  pyrite  detected. 
Secondary:  Kaolin,  chlorite,  and  2  white  micas. 

An  estimate  of  the  mineral  percentages,  made  by  applying  the 
Rosiwal  method  to  a  camera  lucida  drawing  of  a  thin  section  enlarged 
40  diameters,  yields  the  following  results  with  a  mesh  of  1.7  inches 
and  a  total  linear  length  of  42  inches. 

Estimated  inirural  percaitcujes  in  Milford,  N.  II.,  granite  from  the  old  Tonelln  quarry. 

Quartz 3»k  7(1 

Soda-lime  feldspar  (oligocUivSc) 29. 10 

Potash  f('lds])ars  (microclinc  14.00,  orthocla.se  13.58) 27.  "VS 

Black  mica iy.nO 

100.  CO 
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The  average  diameter  of  the  particles  obtained  by  the  same 
method  is  0.011  inch. 

This  is  a  fine-grained  monumental  granite,  in  shade  a  trifle  Ughter 
than  Hallo  well,  Me.,  granite,  but  not  as  Ught  as  that  of  North  Jay,  Me. 
It  takes  a  high  poUsh.  The  only  contrast,  visible  but  a  few  feet  off,  is 
between  the  black  mica  and  the  combined  quartz  and  feldspars. 
The  poUshed  face  shows  many  minute  particles  of  magnetite. 

The  quarry,  opened  in  1900,  measures  about  300  feet  north-south  by 
100  feet  across  and  from  20  to  35  feet  in  depth. 

The  sheets,  from  2  to  14  feet  thick,  are  lenticular  horizontal  and 
regular.  There  are  2  sets  of  joints:  Set  A,  striking  N.  85°  W.  and 
vertical  or  dipping  steep  south,  is  spaced  20  to  50  feet,  and  forms  a 
heading  3  feet  wide,  125  feet  from  the  south  end.  Set  B,  striking 
N.  35-40°  E.  and  vertical,  is  intermittent  and  confined  to  upper  sheets. 
It  forms  a  heading  on  the  east  wall,  and  recurs  30  feet  from  west  wall. 
From  the  large  blocks  of  gneiss  attached  to  granite  lying  on  the 
dumps  and  from  the  occurrence  of  this  gneiss  in  a  much  weathered 
condition  in  or  under  the  drift  on  the  edge  of  the  quarry,  it  is  evident . 
that  the  rock  surface  originally  included  a  mass  of  gneiss  wjiich  either 
capped  the  granite  or  formed  a  large  inclusion  in  its  upper  part.  This 
gneiss  is  coarse,  biotitic,  with  lenses  of  pinkish  potash  feldspar  (micro- 
cUne)  bordered  with  clear  to  milk  white-soda-Ume  feldspar  (oligoclase). 
Its  quartz  is  smoky.  Its  accessory  minerals  are:  Pyrite,  magnetite, 
allanite,  and  zircon.  The  rift  is  reported  as  horizontal,  and  the  grain 
as  vertical  with  N.  85°  W.  course.  There  are  no  dikes,  veins,  or  knots. 
Rusty  stain  occurs  only  along  the  headings,  where  it  is  6  inches  tliick. 
The  original  rock  surface  was  covered  with  10  to  20  feet  of  till.  This 
quarry  is  remarkably  free  from  the  common  structural  difficulties. 

The  plant,  including  cutting  machinery  at  the  village,  comprises  a 
derrick  (with  a  mast  of  Georgia  pine  105  feet  high),  a  smaller  derrick, 
2  hoisting  engines,  an  air  compressor  (capacity  108  cubic  feet  of  air 
per  minute),  a  large  drill,  an  air  plug  drill,  18  air  hand  tools,  a  surfacer, 
and  a  steam  pump. 

Transportation  is  effected  by  cartage  of  one-half  mile  to  railroad  for 
rough  stock,  but  of  2  miles  to  the  cutting  shed  for  blocks  to  be  finished. 

The  product  is  used  principally  for  monuments  and  the  waste  for 
paving.  The  firm  makes  a  specialty  of  fine  carved  work,  most  of  which 
finds  a  market  in  the  West.  Specimen:  Tlie  Morgenthaler  monu- 
ment in  Greenwood  Cemetery,  Hamilton,  Ohio.  This  is  a  5-ton  block, 
6  feet  high,  with  a  delicately  carved  brandling  ivy  vine  entwined 
about  a  cross,  all  in  high  relief  on  a  roughly  chipped  face.  As  only 
ordinary  hand  tools  were  used  the  outlines  in  this  are  sharper  than 
they  would  have  been  with  the  use  of  pneumatic  tools. 

The  ToneUa  new  quarry  is  2}  miles  S.  25°  W.  of  Milford  village. 
(See  fig.  21.)     Operator,  Tonella  &  Sons,  Milford,  N.  H. 
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The  granite  (specimen  D,  XXVIII,  55,  a)  is  a  quartz  monzonite  of 
medium  buff-gray  shade,  spangled  with  fine  black  mica.  Its  texture 
is  generally  even-grained  and  fine,  with  feldspar  up  to  0.2  and  mica  to 
0.1  inch,  but  with  rare  porphyritic  light  pinkish  feldspars  an  inch  in 
diameter.  Its  constituents,  in  descending  order  of  abundance,  are: 
Light  amethystine  to  pale  smoky  quartz;  colorless,  clear  to  milk- 
white  soda-lime  feldspar  (oligoclase) ,  partly  kaolinized  and  micacized; 
light-buff  to  cream-colored  potash  feldspar  (microcline  much  inter- 
grown  with  quartz  circular  in  cross  section) ;  and  black  mica,  some  of 
it  chloritized.  Accessory  minerals  are : -Magnetite,  allanite,  apatite, 
and  zircon.  Secondary:  Kaolin,  a  white  mica,  chlorite,  hematite 
from  magnetite,  and  limonite  from  allanite. 

In  general  color  this  rock  resembles  specimen  64,  a,  of  the  Pease 
quarry  (p.  163),  but  its  mica  scales  are  finer.  It  may  become  pinkish 
as  the  excavation  deepens. 

A  finer  granite  (specimen  D,  XXVIII,  55,  c)  from  the  upper  part  of 
the  quarry  is  also  a  quartz  monzonite  of  medium  buff-gray  color, 
spangled  with  extremely  fine  mica.  Its  texture  is  even  grained,  very 
fine,  with, feldspars  up  to  0.1  and  mica  rarely  over  0.05  inch.  Its  con- 
stituents and  stain  are  the  same  as  the  other. 

A  pinkish  granite  (specimen  D,  XXVIII,  55,  d)  occurring  next  to 
the  dike  described  beyond,  is  of  pinkish  medium-gray  color,  Uke  that 
adjoining  the  dike  in  the  Pease  quarry  (p.  163),  but  its  general  texture 
is  fine,  with  feldspars  and  mica  up  to  0.15  inch,  and  with  sparse 
porphyritic  feldspars  from  0.02  to  0.04  inch.  Its  constituents,  in 
descending  order  of  abundance,  are:  Pale  amethystine  to  light  smoky 
quartz  with  hairlike  crystals,  probably  of  rutile,  and  cavities  intwo 
sets  of  sheets  intersecting  at  right  angles  with  rift  and  grain  cracks 
parallel  to  them;  a  translucent  to  opaque  pinkish  soda-lime  feldspar 
(oligoclase)  partly  kaolinized  and  micacized,  the  kaolinized  parts 
showing  hematite  by  incident  light;  pinkish  potash  feldspar  (micro- 
cline and  orthoclase,  in  twins),  intergrown  with  quartz  circular  in  cross 
section;  biotite  (black  mica),  some  of  it  chloritized.  Accessory  min- 
erals are:  Magnetite,  allanite,  zircon,  apatite,  and  rutile.  Second- 
aiy:  Kaolin,  a  wliite  mica,  carbonate,  and  hematite.  It  effervesces 
slightly  with  dilute  muriatic  acid. 

The  quarry,  opened  in  1905,  measures  100  feet  north-south  by  80 
feet  across  and  lias  an  ayerago  depth  of  20  feet. 

The  sheets,  from  IS  inches  to  6  feet  thick,  are  lenticular  and  hori- 
zontal, or  dip  as  iiigh  as  20°  E.  Only  one  set  of  joints  occurs,  striking 
N.  'Mf  W.,  dipping  35°  W.,  and  spaced  5  to  20  feet.  The  granite  is 
capped  on  the  oast  and  west  sides  by  about  5  feet  of  coarse  biotite 
gneiss,  l)ut  on  the  west  this  is  overlapped  by  2  to  3  feet  of  granite,  and 
hence  tiie  <2:neiss  may  l)e  merely  a  large  inclusion.  This  gneiss  (speci- 
men D,  XXVIII,  55,  b)  consists  of  pinkish  potash  feldspar  (micro- 
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cline),  and  milk-white  soda-lime  feldspar,  both  intergrown  with  quartz; 
smoky  quartz  with  cavities  in  sheets;  and  biotite.  The  accessory- 
minerals  are  magnetite,  zircon,  apatite,  and  allanite.  The  foUation 
of  the  gneiss  strikes  about  N.  45°  W.  The  rift  is  reported  as  horizon- 
tal and  grain  as  vertical,  with  N.  80°  W.  course.  A  flow  structure 
shown  by  more  biotitic  streaks  and  planes  strikes  north  and  dips 
20°  W.  At  the  top  there  is  a  band  of  fine-grained  granite,  2  feet  tliick, 
in  the  flow  direction.  On  the  south  side  a  vertical  dike  2  feet  6 
inches  thick  of  augite  camptonite  strikes  N.  10°  E.  This  consists  of 
soda-Ume  feldspar  (andesine),  augite,  brown  hornblende,  magnetite  in 
octahedra  and  skeleton  crystals,  apatite  in  slender  prisms  all  through 
the  feldspar,  and  pyrite,  together  with  secondary  chlorite  and  carbon- 
ate from  alteration  of  augite.  The  granite  for  a  thickness  of  8  feet  on 
the  south  side  of  this  dike  has  a  marked  pinkish  color,  already  shown 
under  specimen  55,  d  (p.  166),  as  due  to  the  presence  of  a  very  small 
amount  of  hematite. 

The  plant  consists  of  2  derricks  and  a  hoisting  engine. 

Transportation  involves  cartage  of  one-fourth  mile  to  a  railroad 
siding,  but  of  2i  miles  to  cutting  shed. 

The  product  in  1906  had  not  yet  been  put  upon  the  market  pending 
further  excavations. 

The  ComoUi  quarry  is  3i  miles  southwest  of  Milford  village,  at  the 
east  foot  of  Badger  Hill,  S.  10°  W.  of  Bums  Hill.  (See  fig.  21.) 
Operator,  ComolU  Brothers  &  Co.,  Milford,  N.  H. 

The  granite  (specimen  D,  XXVIII,  58,  a)  is  a  quartz  monzonite  of 
light,  inclining  to  medium,  bluish  gray  color,  and  of  very  fine,  even- 
grained  texture,  with  feldspars  and  mica  up  to  0.1  inch.  Its  constitu- 
ents, in  descending  order  of  abundance,  are :  Light  smoky  quartz  with 
hairlike  crystals,  probably  of  rutile,  and  with  cavities;  bluish  milk- 
white  soda-Ume  feldspar  (oligoclase),  partly  kaolinized;  colorless 
clear  potash  feldspar  (microcline  and  orthoclase)  much  intergrown 
with  quartz  circular  in  cross  section;  and  biotite  (black  mica),  some 
of  it  chloritized.  Accessory  minerals  are:  Magnetite,  zircon,  apatite, 
and  rutile.  Secondary:  KaoHn  and  chlorite.  It  effervesces  slightly 
with  dilute  muriatic  acid. 

This  stone  is  so  fine  grained  as  to  afford  no  contrasts  except  under 
close  inspection,  when  only  that  between  the  mica  and  the  general 
bluish  gray  of  the  rest  appears.     It  is  a  monumental  granite. 

The  quarry,  opened  in  1905,  is  about  70  by  50  feet  and  5  to  15  feet 
deep. 

The  sheets,  from  6  inches  to  6  feet  G  inches  tliick,  are  lenticular  and 
irregular.  There  are  2  sets  of  joints:  Set  A  strikes  N.  10°  E.  and  dips 
45°  E.  Set  B  strikes  N.  80°  W.,  is  about  vertical,  and  occurs  at  the 
south  end.  At  the  southeast  corner  the  granite  is  overlain  by  6  feet 
of  coarse  biotite  gneiss.     The  rift  is  reported  as  horizontal  and  the 
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grain  as  vertical  with  N.  80°  W.  course.  A  pegmatite  dike  strikes 
N.  75°  E.     The  amount  of  rusty  stain  on  sheets  is  insignificant. 

The  plant  consists  of  2  horse  derricks  and  12  air  hand  tools  at  the 
cutting  shed  at  Milford,  where  compressed  air  is  obtained  from  another 
plant. 

Transportation  involves  cartage  of  about  4i  miles  to  the  cutting 
shed. 

The  product  is  used  entirely  for  monuments. 

The  Paradis  quarry  is  on  the  Milford  and  Brookhne  township  Une, 
3f  miles  S.  35°  W.  of  Milford  village  and  about  one-half  mile  south- 
east of  Badger  Hill.  (See  fig.  21.)  Operator,  Milford  Nashua  Lake 
Street  Granite  Company,  Milford,  N.  H.        . 

The  granite  is  a  quartz  monzonite  of  light  incUning  to  medium 
bluish  gray  color,  and  very  fine,  even-grained  texture,  identical  with 
that  of  the  ComolH  quarry,  three-tenths  mile  north  of  it,  described 
on  page  167. 

The  quarry,  opened  in  1905,  is  about  150  by  72  feet  and  is  4  feet 
deep. 

The  sheets,  from  2  to  7  feet  thick,  are  lenticular  and  undulating. 
There  are  2  sets  of  joints:  Set  A,  striking  N.  60°  E.  and  vertical  or 
dipping  steeply  south,  is  spaced  4  to  30  feet.  Set  B,  striking  north 
and  vertical,  forms  the  east  wall  only.  The  rift  is  reported  as  hori- 
zontal and  the  grain  as  vertical  north-south.  Pegmatite  dikes,  from 
1  to  12  inches  thick,  strike  N.  20°  E.  and  dip  40°  W.,  also  N.  25°  W. 
and  vertical,  but  turning  to  N.  50°  W.     Rusty  stain  is  6  inches  thick. 

The  plant  consists  of  2  horse  derricks  and  1  hand  derrick. 

The  product  is  used  for  monuments  and  curbing',  the  former  in 
Boston,  the  latter  in  Nashua,  N.  II. 

The  Souhegan  quarry  is  2 J  miles  8.  12°  E.  from  Milford  village 
and  three-fiftlis  mile  southwest  of  Federal  Hill.  (See  fig.  21.) 
Operator,  The  Daniels  Granite  Company,  Milford,  N.  H. 

The  granite  (specimens  D,  XXVIII,  53,  a,  b,  c)  is  a  quartz  monzo- 
nite of  dark  gray  shade  with  ver}^  slight  pinkish  tinge  and  very  fine 
scales  of  black  mica.  Its  texture  is  even  grained  and  fine,  with 
feldspar  and  mica  not  over  0.1  inch.  Its  constituents,  in  descending 
order  of  abimdance,  are:  Light  smoky  quartz  with  few  cavities, 
some  in  sheets;  milk-white  soda-lime  feldspar  (oligoclase) ,  slightly 
kaolinized  and  micacized;  colorless  to  dull  greenish  gray  potash 
fel(lsj)ar  (inicrocline),  intergrown  with  quartz  circular  in  cross  section, 
and  biotite  (l)lack  mica),  some  of  it  chloritized.  Accessory  minerals 
are:  Magnetite,  pyrite,  apatite,  allanite,  and  zircon.  Secondary: 
Kaohn,  a  white  mica,  clilorite,  carbonate,  and  some  irregularly 
dissoiniiiated  hematite  stain  which  gives  the  pinkish  hue. 

Mr.Geororo  Steiger,of  the  United  States  Geological  Survey  chemical 
laboratoiy,  finds  that  this  granite  contains  0.26  percent  of  CaO  (lime) 
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soluble  in  hot  dilute  acetic  acid,  which  indicates  a  content  of  0.46 
per  cent  of  CaCOg  (lime  carbonate),  the  presence  of  which  carbonate 
is  also  shown  by  the  microscope  and  by  a  slight  effervescence  in  cold 
dilute  muriatic  acid. 

The  stone  takes  a  high  polish  and  offers  quite  a  contrast  of  shade 
between  its  hammered  and  polished  faces.  The  polished  surface 
shows  rare  particles  of  pyrite  along  with  the  usual  abundance  of 
magnetite  particles.  The  only  contrast  between  its  minerals,  that 
between  the  black  mica  and  the  general  color  of  quartz  and  feldspar, 
is  visible  but  a  few  feet  off. 

The  quarry,  opened  in  1896,  measures  150  by  50  feet  and  is  10  to  25 
feet  in  depth. 

The  sheets,  generally  normal  and  from  6  inches  to  5  feet  thick,  dip 
low  west  and  south,  but  are  intersected  by  sharply  curved  planes, 
'Hoe  nails.'^  There  are  two  sets  of  joints:  Set  A,  striking  N.  80°  W. 
and  vertical,  occurs  only  in  the  southern  part.  Set  B,  striking 
N.  22°  E.  and  vertical,  forms  headings  on  the  east  and  west  walls,  and 
recurs  discontinuously  at  intervals  of  10  feet.  There  is  a  rhomb- 
shaped  inclusion  at  the  south  end,  about  3  feet  6  inches  across,  of 
very  coarse  biotite  gneiss,  consisting  of  milk-white  soda-lime  feldspar 
(oligoclase-andesine),  smoky  quartz,  and  biotite,  with  a  little  copper 
pyrite.  There  is  some  banding  in  the  granite  parallel  to  the  surface 
of  the  inclusion.  (See  p.  19.)  The  rift  is  reported  as  in  places 
horizontal  but  generally  dipping  south  at  a  very  low  angle,  and  the 
grain  as  vertical  with  N.  70°  W.  course.  A  pegmatite  dike,  up  to  2 
inches  thick,  with  a  little  magnetite,  strikes  N.  30°  E.  and  dips  50°  W. 
Rusty  stain  on  the  sheet  surfaces  measures  up  to  6  inches. 

The  plant,  including  that  of  the  cutting  shed  at  Milford,  comprises 
5  derricks,  a  hoisting  engine,  a  12-ton  traveling  crane,  an  air  com- 
pressor (capacity  100  cubic  feet  of  air  per  minute),  several  air  hand 
tools,  2  polishers,  a  steam  drill,  and  a  steam  pump. 

Transportation  is  by  cartage  of  3  miles  to  cutting  shed  on  siding  of 
Boston  and  Maine  Railroad. 

The  product  is  used  for  monuments.  Specimens:  Seaver  monu- 
ment in  cemeter}^  at  Brookline,  N.  11. ;  Captain  Randall  monument 
in  Riverside  Cemetery,  Milford,  N.  H. 

The  Ilayden  quarry  is  1]  miles  S.  25°  E.  of  Milford  village,  over 
one-half  mile  N.  35°  W.  from  Federal  Hill.  (See  fig.  21.)  Operator, 
Henrj^  W.  Ilayden,  Milford,  N.  II. 

The  granite  (sj)ecimens  D,  XXVIII,  57,  a,  c)  is  a  quartz  monzonite 
of  dark  medium-bluish  gray  color  with  vers^  fine  black  mica.  Its 
texture  is  even  grained,  fine,  with  feldspar  and  mica  up  to  0.1  inch, 
but  with  rare  porphyritic  feldspars  0.2  inch.  Its  constituents,  in 
descending  order  of  abundance,  are:  Ver}'  light  smoky  quartz,  some 
of  it  with  cavities  up  to  0.03  millimeter  in  sheets;    milk-white  soda- 
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lime  feldspar  (oligoclase),  partly  kaolinized  and  micacized;  bluish 
translucent  potash  feldspar  (microcline) ;  and  biotite  (black  mica), 
some  of  it  chloritized.  Accessory  minerals  are:  Magnetite,  pyrite, 
apatite,  allanite,  and  zircon.  Secondary:  Kaolin,  white  micas, 
chlorite,  and  carbonate.  Both  feldspars  are  intergrown  with  quartz 
circular  in  cross  section. 

The  stone  takes  a  good  poUsh.  The  polished  face  shows  many  fine 
particles  of  magnetite  and  rare  ones  of  pyrite.  The  only  contrast, 
that  between  the  mica  and  the  rest  of  the  stone,  is  not  visible  at  a 
distance. 

The  quarry  measures  about  150  feet  N.  30°  E.  by  60  feet  across 
and  15  to  20  feet  in  depth. 

The  sheets,  from  4  mches  to  5  feet  thick,  dip  10°  S.  70°  W.  There 
are  two  sets  of  joints:  Set  A,  striking  N.  30°  E.  and  vertical,  is  spaced 
15  to  40  feet,  and  forms  three  5-foot  headings  near  the  middle  and  on 
east  and  west  sides.  Set  B,  striking  N.  60°  W.  and  vertical,  is  spaced 
20  to  30  feet.  The  rift  is  reported  as  dipping  like  the  sheets  and  the 
grain  as  vertical  with  N.  60°  W,  course.  In  a  part  of  the  quarry  the 
lower  sheets  are  affected  by  short  parallel  fractures  one-half  to  1  inch 
apart.  This  resembles  '' shake '^  structure,  but  is  much  coarser. 
These  incipient  sheets  seem  to  be  due  to  some  local  strain.  About 
200  feet  east  of  the  quarry  the  granite  is  in  contact  with  a  coarse 
gneiss  with  a  foliation  striking  east-west.  Meandering  pegmatite 
dikes,  from  one-fourth  inch  to  2  inches  thick,  in  groups  numbering 
up  to  12,  strike  N.  50°  W.,  with  vertical  or  steep  southeast  dip,  and 
recur  at  intervals  of  20  to  30  feet.  Another  set  of  these  dikes  strikes 
nearly  at  right  angles  to  the  first.  The  pegmatite  consists  of  cream- 
colored  oligoclase,  light  smoky  quartz  with  cavities  in  sheets,  a  little 
microcline,  black  mica,  and  magnetite,  together  with  accessory  pyrite, 
apatite,  allanite,  and  zircon.  Muscovite  veins  ("sand,  streaks") 
strike  N.  60°  W.  at  intervals  of  1  to  12  inches  near  the  pegmatite 
dikes.  The  granite  contains  here  and  there  porphyritic  crystals  of 
biotite  (black  mica)  up  to  2  inches  by  0.4  inch,  with  their  flat  and 
very  thin  sides  parallel  to  the  rift.  (See  p.  57.)  Rusty  stain  on  the 
sheet  surfaces  is  from  2  to  6  inches  thick.  Pyrite  occurs  on  the  joint 
faces. 

The  })lant  comprises  2  derricks,  a  hoisting  engine,  and  a  steam 
pump. 

Transportation  is  by  cartage  of  1]  miles  to  Milford. 

Tlio  product  is  dimension  stone,  blocks  for  monuments,  and  paving. 
The  quany  is  worked  only  from  April  to  December  of  each  year. 

The  Yowig  quarry  is  1}  miles  southeast  of  Milford  village  and 
tlireo-fourths  mile  southwest  of  East  Milford,  or  Laurel  post-oflice. 
(See  fio;.  21.)     Oi)erators,  Youngs  Sons  &  Co.,  Milford,  N.  H. 
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The  granite  (specimens  D,  XXVIII,  52,  aa,  c),  "dark-blue  New 
Westerly,''  is  a  quartz  monzonite  of  general  dark-gray  shade  (neither 
bluish,  greenish,  nor  pinkish,  but  of  smoke  color)  with  very  fine  black 
spangles.  Its  texture  is  even-grained  and  fine,  with  feldspar  up  to 
0.1 — rarely  0.15 — inch,  and  mica  to  0.1  inch.  Its  constituents  are, 
in  descending  order  of  abundance:  Very  light  smoky  quartz  with  cavi- 
ties; slightly  greenish-gray  soda-lime  feldspar  (oligoclase),  somewhat 
kaolinized  and  micacized;  clear,  colorless  to  grayish  potash  feldspar 
(microcline  and  orthoclase),  very  slightly  kaolinized;  and  black  mica, 
some  of  it  chloritized.  Accessory  minerals  are:  Magnetite,  pyrite, 
apatite,  allanite,  and  zircon;  secondary:  White  mica,  kaolin,  chlorite, 
carbonate,  and  a  little  hematite  and  limonite  stain,  the  latter  about 
the  allanite. 

An  estimate  of  the  mineral  percentages  obtained  by  applying  the 
Rosiwal  method  to  a  camera  lucida  drawing  of  part  of  a  thin  section 
enlarged  40  diameters  yields  these  results  with  a  mesh  of  2  inches 
and  a  total  linear  length  of  34  inches. 

Estimated  mineral  percentages  in  Milford,  N.  H.^  granite  from  the  Young  qiiarry. 

Quartz 27. 40 

Soda-lime  feldspar  (oligoclase) 27. 70 

Potash  feldspars  (microcline  12. 87,  orthoclase  17. 41) 29. 28 

Blackmica  (biotite) 13. 51 

Magnetite 11 

Allanite 1 .  00 

(Accessory,  1. 11.)  

100.00 

The  percentages  of  magnetite  and  allanite  are  not  perfectly  reliable, 
for  a  slight  shifting  of  the  mesh  would  have  clianged  the  figures  for 
one  or  both,  but  as  representing  together  the  accessories  they  are  not 
far  from  the  truth.  The  average  diameter  of  all  the  particles,  by  the 
same  method,  is  0.0084  inch. 

Mr.  W.  T.  Schaller,  of  the  United  States  Geological  Survey  chemical 
laboratory ,  finds  that  this  granite  contains  0.18  per  cent  of  CaO  (lime) 
soluble  in  hot  dilute  acetic  acid,  which  indicates  a  content  of  0.32 
per  cent  of  CaCOg  (lime  carbonate),  the  presence  of  which  carbonate 
is  also  shown  by  the  microscope  and  by  a  veiy  slight  effervescence 
with  cold  dilute  muriatic  acid. 

A  crushing  test,  made  for  the  firm  by  Professor  Ricketts,  of  the 
Rensselaer  Polytechnic  Institute,  at  Troy,  N.  Y.,  is  reported  as 
showing  an  ultimate  crushing  strength  of  24,950  pounds  to  the  square 
inch. 

The  stone  takes  a  fine  polish.     The  polished  face  shows  some 

.  magnetite  and  a  little  pyrite.     There  is  much  contrast  of  shade 

between  the  hammered  and  the  rough  or  polished  face,  the  hammered 
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face  being  light,  slightly  bluish  gray.  The  contrast  between  the 
minerals,  only  visible  near  to  them,  is  that  between  the  black  mica 
and  the  general  color  of  the  others. 

The  quarry,  opened  in  1886,  a  plan  of  which  is  shown  in  fig.  22,  has 
a  length  of  370  feet,  a  width  of  75  to  100  feet,  and  an  average  depth 
of  50  feet.     Only  the  northwest  bend  was  being  worked  in  1906. 

The  sheets,  from  2  to  10  feet  thick,  are  lenticular  and  generally  hori- 
zontal. Joint  courses  are  given  in  fig.  22.  •  Set  A  is  vertical,  forms 
a  heading  at  the  west  end,  shown  in  PI.  VI,  B,  and  recurs  70  feet 
east  only.  Set  B  dips  40°  north,  is  spaced  5  to  10  feet,  and  occurs 
only  at  the  northwest  comer.  The  rift  is  reported  as  horizontal, 
but  with  a  slight  inclination  to  the  west.  There  is  no  perceptible 
grain.  Flow  structure,  shown  by  biotitic  streaks,  strikes  N.  15®  E. 
and  dips  45°  west.  The  marked  feature  of  this  quarry  is  the  recur- 
rence, at  intervals  of  20 
feet,  of  dikes  of  pegma- 
tite and  aplite,  already 
described  on  page  48 
and  shown  in  PL  VI,  B, 
These  dikes  are  from 
one -fourth  inch  to  3 
inches  thick,  occur  in 
sets  of  three  to  eight, 
with  a  N.  25°  W.  course 
and  a  vertical  dip.  A 
few  strike  N.  25°  E.  and 
dip40°ESE.  They  con- 
sist of  cream-colored  oli- 

FiG.  22.-Structur(5  and  plan  of  Young  quarry,  Milford,  N.  H.     gOclaSC,    Smoky    quartZ, 

cream-colored  or  pink 
microclinc,  and  biotite,  with  magnetite,  allanitc,  and  zircon.  The 
biotite  crystals  measure  up  to  2  inches  in  length.  Rusty  stain 
measures  up  to  8  inches  on  sheet  surfaces.  Joints  A  are  coated 
with  pyrite,  which  has  mostly  passed  into  limonite. 

The  plant,  including  that  of  the  cutting  shed,  comprises  4  der- 
ricks, a  hoisting  engine,  an  air  compressor  run  by  a  22-horsepower 
gasoline  engine,  2  steam  drills,  12  air  hand  tools,  and  a  steam  pump. 

Transportation  is  by  cartage  of  throe-fourths  mile  to  the  cutting 
shed,  on  tiie  Boston  and  Maine  Railroad,  although  a  siding  extends 
to  within  a  fow  hundrod  feet  of  the  quarry. 

The  product  is  used  for  monuments,  the  stained  and  veined  parts 
and  small  sheets  for  j)aving.  The  monuments  go  mostly  to  Trov. 
N.  Y.  Specimens:  The  Senator  E.  Murphy  and  W.  Fitzpatrick 
monuments  at  St.  Mary's  Cemetery;  the  Mrs.  R.  J.  Stark  monument 
at  Oakwoocl  Cemetery,  Troy,  N.  Y.;  the  Mre.  J.  Craig  monument  at 
Rural  Cemetery,  Albany,  N.  Y. 
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The  MUford  Oranite  Company's  quarries  are  a  mile  southeast  of 
Milford  village  and  130  feet  above  it,  on  the  east  side  of  a  hill. 
(See  fig.  21.)  The  quarries  were  idle  in  1906.  Address,  H.  H. 
Barber,  Milford,  N.  H. 

The  granite  generally  is  like  that  of  the  Young  quarry,  described 
on  page  171. 

The  quarries  comprise  2  openings,  along  a  N.  20°  E.  line.  The 
southern  opening  is  about  120  feet  N.  20°  E.  by  60  feet  across  and 
is  40  feet  deep.  The  northern  opening,  separated  from  the  other  by 
an  interval  of  150  feet,  is  about  900  feet  N.  20°  E.  by  50  to  75  feet 
across  and  from  10  to  30  feet  deep. 

The  sheets,  from  1  to  5  feet  thick,  are  lenticular  and  horizontal. 
Joints,  striking  N.  10°  to  30°  E.  and  vertical,  are  spaced  1  to  5  feet 
and  form  headings  on  the  east  and  west  walls  of  both  quarries  and 
also  in  the  middle  of  southern  one.  Some  of  the  joints  of  these  head- 
ings are  ''sand  seams,''  or  veins  up  to  one-half  inch  thick  of  a  cen- 
tral band  of  quartz  crystals  with  borders  of  muscovite.  (See  p.  51.) 
The  granite  of  the  west  wall  of  both  quarries  is  overlain  by  a 
mass 'of  many-colored  banded  gneiss,  12  to  16  feet  thick,  with  a  folia- 
tion striking  about  N.  75°  W.  and  dipping  75°  south,  with  injec- 
tions of  pegmatite  starting  at  the  contact  and  tapering  out  within 
the  gneiss.  (See  PI.  VI,  A.)  There  is  much  variety  in  the  composi- 
tion and  texture  of  the  gneiss.  The  quartz  of  the  finer  augite- 
diorite  gneiss  has  cavities,  up  to  0.047  millimeter,  which  are  in  sheets 
intersecting  at  right  angles.  The  granite  on  either  side  of  the  mus- 
covite veins  in  the  heading  is  much  reddened  for  half  an  inch;  the 
biotite  is  mostly  chloritized,  the  oligoclase  is  much  kaolinized  and 
micacized,  and  much  limonite  and  hematite  stain  proceeds  from 
particles  of  magnetite  and  pyrite. 

The  plant  comprises,  at  the  quarries,  4  derricks  (6  to  20  tons), 
2  hoisting  engines,  a  steam  drill,  and  a  steam  pump.  At  the  cut- 
ting shed  are  a  45-horsepower  engine,  an  air  compressor  (capacity, 
212  cubic  feet  air  per  minute),  a  crane  (capacity,  20  tons),  a  surfacer, 
and  2  polishers. 

Transportation  involves  cartage  of  half  a  mile  to  a  cutting  shed 
on  the  Boston  and  Maine  Railroad. 

The  New  Westerly  quamj  is  2}  miles  northwest  of  Milford  village. 
(See  fig.  21.)  Operator,  New  Westerly  Granite  Companv,  Milford, 
N.  H. 

The  granite  (specimens  D,  XXVIII,  60,  a,  b), ''  New  Westerly  blue," 
is  a  quartz  monzonite  of  medium  slightly  bluish-gray  color,  spangled 
with  fine  black  mica.  Its  texture  is  even-grained,  fine,  inclining  to 
medium,  with  feldspar  and  mica  up  to  0.2  inch  and  a  marked  par- 
allelism in  the  mica  scales.  Its  constituents,  in  descending  order 
of  abundance,  are:  Light  smoky  quartz  with  cavities  up  to  0.008 
millimeter    in    sheets;    slightly    greenish-blue    soda-lime    feldspar 
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(oligoclase),  partly  kaolinized  and  micacized;  slightly  pinkish-gray 
potash  feldspar  (microcline,  some  twinned);  biotite  (black  mica) 
some  of  it  chloritized.  Both  feldspars  are  intergrown  with  quartz. 
Accessory  minerals  are:  Magnetite,  pyrite,  allanite,  apatite,  and 
zircon;  secondary:  Kaolin,  2  white  micas,  chlorite,  hematite,  and 
carbonate. 

An  estimate  of  the  mineral  percentages,  obtained  by  applying  the 
Rosiwal  method  to  a  camera  lucida  drawing  of  part  of  a  thin  section, 
enlarged  40  diameters,  yields  the  following  results  with  a  mesh  of  1 J 
inches  and  a  total  linear  length  of  34.5  inches: 

Estimated  mineral  percentages  in  Milford,  N.  H.y  granite  from  the  New  Westerly  qtujorry. 

Quartz 17.10 

Soda-lime  feldspar  (oligoclase) 45. 22 

Potash  feldspars  (microcline  15.59;  orthoclase  15.71) 31. 30 

Black  mica  (biotite) 5. 74 

Magnetite 64 

103.00 

The  average  diameter  of  all  the  particles,  obtained  by  the  same 
method  is  0.009  inch. 

Mr.  George  Steiger,  chemist,  of  the  United  States  Geological  Sur- 
vey, finds  that  this  granite  contains  0.12  per  cent  of  CaO  (lime) 
soluble  in  hot  dilute  acetic  acid,  which  indicates  a  content  of  0.21 
per  cent  of  CaCOg  (lime  carbonate) ,  the  presence  of  wnich  carbonate 
is  shown  by  the  microscope  and  by  a  slight  effervescence  with  cold 
dilute  muriatic  acid. 

The  stone  takes  a  high  polish,  which  brings  out  the  greenish  and 
reddish  tints  and  darkens  the  shade  so  that  the  general  color  becomes 
a  medium  greenish  gray.  The  polished  face  shows  a  few  grains  of 
magnetite  and  rare  ones  of  pyrite. 

The  quariy,  opened  in  1876,  is  about  150  feet  from  east  to  west 
by  100  feet  across  and  from  15  to  65  feet  in  depth. 

The  sheets,  from  6  inches  to  30  feet  thick,  increasing  in  thickness 
downward,  dip  south  at  a  low  angle.  There  are  2  sets  of  joints: 
Set  A,  striking  N.  lO""  E.,  dipping  60°  E.  and  90°,  is  spaced  3  to  50 
feet  and  forms  a  heading  on  east  side.  Set  B,  striking  N.  75°-80°  W. 
and  vertical,  is  spaced  30  to  40  feet  and  forms  a  heading  on  the 
south  side.  The  rift  is  reported  as  horizontal  and  the  grain  as  ver- 
tical with  a  N.  (S0°  W.  coui^e,  but  it  is  so  feeble  that  the  stone  can 
be  split  almost  as  well  across  it. 

The  plant,  including  that  of  the  cutting  shed,  comprises  3  der- 
ricks, 8  hoisting  engines,  3  air  compressors  (capacity  of  two  being 
140  and  177  cubic  feet  of  air  per  minute,  the  third  one  requires  a 
22-h()rsep()wer  engine  to  run  it),  2  large  drills,  5  air  plug  drills,  a  sur- 
facer,  16  air  hand  tools,  a  polisher,  and  2  steam  pumps. 
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Transportation  requires  cartage  of  about  2}  miles  to  the  cutting 
shed  and  railroad  at  Milf ord. 

The  product  is  used  for  monuments. 

The  Carlton  quarry  is  2  miles  northwest  of  Milford  village.  (See 
fig.  21.)     Operator,  A.  E.  Carlton,  Milford,  N.  H. 

The  granite  (specimen  D,  XXVIII,  61,  a)  appears  to  be  also  a 
quartz  monzonite,  but  probably  with  more  of  the  potash  feldspar. 
Its  shade  is  medium  pinkish  gray,  spangled  with  black.  Its  texture 
is  porphyritic;  the  groimdmass  is  fine,  with  feldspar  and  mica  up 
to  0.1  inch  and  the  isolated  feldspars  up  to  0.4  and  exceptionally 
1  inch.  Its  constituents,  in  descending  order  of  abundance,  are: 
Light  smoky  qi^artz  with  hairlike  crystals,  probably  of  rutile,  and 
cavities  in  sheets,  with  rift  cracks  parallel  to  them;  light  pinkish-gray 
potash  feldspar  (microcline),  intergrown  with  quartz  circular  in 
cross  section,  inclosing  particles  of  soda-lime  feldspar,  and  somewhat 
kaolinized  and  micacized,  making  up  part  of  the  groundmass  and 
also  the  porphyritic  crystals;  in  almost  equal  amoimt  a  milk-white 
soda-lime  feldspar  (oligoclase),  somewhat  kaolinized,  micacized, 
and  intergrown  with  quartz;  and  biotite  (black  mica),  some  of  it 
chloritized.  Accessory  minerals  are:  Magnetite,  apatite,  allanite,  and 
rutile;  secondary:  Kaolin,  2  white  micas,  chlorite,  and  hematite. 

At  the  north  comer  of  the  quarry  there  is  a  band  of  quartz  mon- 
zonite of  medium  slightly  bluish-gray  color,  with  fine  black  mica,  like 
the  stone  of  the  New  Westerly  quarry  described  on  page  173. 

The  chief  product  of  this  quarry  differs  from  all  the  other  Mil- 
ford, N.  H.,  granites  by  its  marked  porphyritic  texture.  It  is  a 
constructional  granite. 

The  quarry,  opened  in  1881,  is  about  110  by  100  feet  and  aver- 
ages 30  feet  in  depth. 

The  sheets,  from  1  to  16  feet  thick,  dip  west  at  a  low  angle. 
There  are  2  sets  of  joints:  Set  A,  striking  N.  50°  W.  and  about  verti- 
cal, is  spaced  20  to  60  feet  and  forms  a  heading  on  the  west  side 
and  the  east  wall.  Set  B,  diagonal,  striking  north,  and  dipping 
75®  east,  forms  but  one  joint.  The  rift  is  reported  as  slightly 
inclined  to  the  west  and  the  grain  as  dipping  70°  N.  Flow  struc- 
ture, shown  by  streaks  of  black  mica,  also  by  the  band  of  fine  gran- 
ite, strikes  N.  70°  E.  and  dips  40°  to  50°  N.  20°  W.  Rusty  stain  is 
up  to  8  inches  thick. 

The  plant  consists  of  a  horse  derrick  and  a  hand  derrick,  a  steam 
drill,  and  an  air  compressor  with  a  capacity  of  50  cubic  feet  of  air 
per  minute. 

Transportation  is  by  cartage  of  2  miles  to  Milford. 

The  product  is  mostly  for  street  work  in  Boston  and  Cambridge. 
Specimen  monument:  The  Abbie  H.  Patten  monument,  North 
Cemetery,  Milford,  N.  H. 
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TJie  Bishop  guarry  is  about  1}  miles  northwest  of  Milford  village. 
(See  fig.  21.)     Operator,  John  B.  Bishop,  Milford,  N.  H.     • 

The  granite  (specimen  D,  XXVIII,  62,  a)  is  a  quartz  monzonite 
of  light -gray  shade  and  faintly  cream  colored,  with  exceedingly 
minute  black  spangles.  Its  texture  is  even  grained,  fine,  with 
feldspars  and  micas  very  rarely  exceeding  0.1  inch.  The  mica 
plates  measure  much  less  than  this  in  width.  Its  constituents, 
in  descending  order  of  abundance,  are:  Clear  to  pale  smoky  quartz 
with  hairlike  crystals,  probably  of  rutile,  and  cavities  in  sheets; 
milk-white  to  cream-colored  soda-lime  feldspar  (oligoclase)  some- 
what kaolinized  and  micacized;  clear,  colorless  potash  feldspjir 
(microcline) ,  in  places  very  slightly  kaolinized;  biotite  (black  mica), 
some  of  it  chloritized  and  either  partially  bleached  or  interleaved 
with  muscovite.  Both  feldspars  are  intergrown  with  quartz. 
Accessory  minerals  are:  Magnetite,  apatite,  and  zircon.  Second- 
ary: Kaolin,  2  white  micas,  chlorite,  and  carbonate. 

This  stone  resembles  most  closely  in  fineness  that  (specimen  54,  a,  b) 
of  old  Tonella  quarry  (p.l64),  and  that  (specimen  50,  a)  of  the  small 
band  in  Kittredge  quarry  (p.  162),  but  differs  from  both  in  tint.  It 
ought,  from  the  fineness  of  its  mica,  to  take  a  high  polish. 

The  quarry,  opened  about  1831,  measures  about  250  feet  by  100 
or  200  feet  in  width,  and  has  an  average  depth  of  25  feet. 

The  sheets,  from  6  inches  to  3  feet  thick,  are  somewhat  irregular  and 
dip  west  and  north  at  low  angles.  There  are  2  sets  of  joints:  Set  A, 
striking  N.  50°  E.  and  vertical,  is  spaced  10  to  20  feet  and  forms  a 
heading  on  the  east  side  and  west  wall.  Set  B,  striking  N.  75°-80°  W., 
seems  to  be  consequent  on  the  flow  structure  and  is  spaced  very 
irregularly.  Flow  structure,  shown  by  biotitic  bands  up  to  one-half 
inch  wide  and  light  bands  up  to  2  inches  wide,  strikes  N.  75°-80*^  W., 
and  dips  50°  N.  10°-15°  E.,  also  90°.  There  are  angular  inclusions, 
3  inches  in  diameter,  of  very  coarse  gneiss,  consisting  of  a  pinkish 
and  a  cream-colored  feldspar,  smoky  quartz,  and  biotite.  In  the 
eastern  part  of  the  quarry  pegmatite  dikes,  up  to  2  inches  wide,  strike 
N.  20°  E.  across  the  flow  structure  and  dip  about  90°.  Their 
feldspars  resemble  those  of  the  gneiss  in  color,  and  the  quartz  is  smoky. 

The  plant  consists  of  5  horse  derricks,  an  air  compressor  (capacity 
69  cubic  feet  of  air  per  minute),  a  large  drill,  2  air  plug  drills,  and  a 
steam  pump. 

Transi)()rtati()n  is  by  cartage  of  If  miles  to  Milford. 

The  product  is  mostly  curbing. 


Topography. — Tlie  Conway  (luarries  are  in  Carroll  County,  X.  11., 
near  Xortli  Conway,  some  of  tlioin  on  the  east  and  west  sides  of  the 
Sac'o  A'allcy.  Tlio  Kodstone  (juarries,  on  the  cjist,  are  at  the  south 
foot  of  a  scries  of  sunmiits  ranging  from  1,550  to  2,375  feet  above  sea 


NEW   HAMPSHIRE. 


177 


level  (Black  Cap,  Middle  Mountain,  and  Rattlesnake  Mountain), 
known  collectively  as  the  Green  Hills,  and  the  White  Mountain 
quarry  on  the  west  is  on  a  765-foot  lenticular  granite  mass  lying 
about  2  miles  S.  25°-45®  E.  of  the  granite  domes  known  as  White 
Horse  and  Cathedral  ledges.  Also  belonging  to  this  group  of  quarries 
is  the  Fletcher  &  Lahey  quarry,  in  the  town  of  Madison,  which  adjoins 
Conway  on  the  south.  This  quarry  Hes  southeast  of  Moat  Mountain 
and  about  2i  miles  southwest  of  Conway  Comers. 


r^ 


Trie 


SlS^fl 


Ouarry  site 


Contour  intervcLl   20  foot 


Roads 


Tib,  23. — liap  of  part  of  Conway,  N.  II.,  showing  locations  of  granite  (luurries.  1,  Rodstono  red. 
granite  quarry,  Maine  and  New  Hampshire  Granito  Corporation.  2,  Uodstono  green  granite  quarrj' 
of  the  same  firm.  3,  \\'hito  Mountain  quarrj-,  Henry  A.  llitners  Son's  Company,  VM7.  The  ])Ound- 
ary  between  pink  and  green  granite  is  shown  by  dotted  line. 

Geology  of  the  quarries . — The  geological  feature  of  general  interest 
in  Conway  granites  is  their  marked  rift  and  grain  and  the  manifest 
relation  of  these  to  the  sheets  of  microscopic  cavities,  as  shown  in 
fig.  1  and  described  on  page  42.  The  rift  is  rej)()rte(l  as  imiformly 
horizontal  and  the  grain  as  vertical  with  N.  80°-90°  W.  course. 
Another  feature  is  the  contiguity  of  a  yellowish-green  ]>i()tite-li()rn- 
blende  granite  to  the  pink  ])iotite  granite  at  Redstone  (PI.  VII,  Ay 
and  fig.  23).  The  writer  attempted  to  trace  the  boundary  between 
these  two  granites  above  the  quarries,  but  found  it  impracticable 
60193— Bull.  354—08 12 
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without  using  much  time,  owing  to  the  reddening  of  both  granites  at 
the  surface  by  forest  fu-es.  However,  between  the  500  and  800  foot 
levels  the  boundary  has  a  N.  23^  E.  course  arid  is  said  to  continue  in 
that  direction  toward  Rattlesnake  Mountain.  Although  the  feldspars 
of  both  these  granites  are  equally  kaolinized,  their  original  colors 
probably  differed  as  greatly  as  do  their  present  ones.  The  feldspar 
of  the  green  stone  seems  to  have  been  a  bluish  gray  and  that  of  the 
pink  probably  clear  and  colorless  or  slightly  pinkish.  Their  present 
colors  are  due  to  the  formation  of  limonite  in.  the  green  and  hematite 
in  the  pink.  This  limonite  is  largely  traceable  to  somewhat  abundant 
allanite  and  to  the  hornblende,  while  the  hematite  may  be  attributed 
to  the  oxidation  of  magnetite  or  of  ferrite  in  infinitesimal  particles  in 
the  feldspars.  These  two  granites  side  by  side  represent  originally 
different  materials,  and  the  line  of  their  contact  indicates  the  direction 
of  their  flow.  A  20-  by  30-foot  segregation  or  dike  of  porphyritic 
biotite-hornblende  granite,  and  geodes,  coated  internally  with  cal- 
cite  rhombs  and  chlorite,  should  also  be  noted  as  occurring  at  the 
red  quarr}\  The  joint  systems  at  the  four  quarries  have  courses  of 
N.  70^-90°  W.,  X.  35°  W.,  N.  15°  E.,  and  N.  30°  E.  As  shown  in 
PI.  VII,  A  J  the  sheets  dip  gently  east  and  west  from  the  axis  of  the 
ridge. 

Description  of  Conway  granites, — Conway  granites  are  all  coarse 
constructional  granites,  mostly  of  pinkish  color  mottled  with  ame- 
thystine gray  and  spotted  with  black;  but  one  is  dark  yellow-greenish 
gray  spotted  w^ith  black.  They  are  biotite  or  biotite-hornblende 
granites,  and  consist,  in  descending  order  of  abundance,  of:  More 
or  less  pinkish  potash  feldspar  (orthoclase),  always  minutely  inter- 
grown  with  soda-lime  feldspar  (oligoclase-albite) ;  amethystine-smoky 
quartz;  a  little  separate  oligoclase-albite;  and  biotite  (black  mica) 
with  or  without  a  little  hornblende.  The  accessory  minerals  are: 
Magnetite,  (ilmonite?),  pyrite,  apatite,  fluorite,  zircon,  and  allan- 
ite (abundant  in  the  green  granite).  The  secondary  are:  Kaolin, 
chlorite,  titanite  (leucoxene),  calcite,  hematite,  and  limonite  stain 
(the  hitter  abundant  in  the  green  granite  from  which  hematite  is 
absent),  and  epidote. 

Estimates  of  the  mineral  percentages,  obtained  by  applying  the 
Rosiwal  inotliod  to  4  specimens  from  3  quarries,  yields  the  following; 
results  (soc  pp.  179,  1<S0,  1S8,  185): 

I'.^t'nndtid  tnintral  nt rcciild'/t x  i)i  ('<niunij  i/rnnitfs. 

Averagi'. 

Foldspar.  ■)4.7'.)  to  C.S.OO r»3.  !.'> 

(^uirt/.  L^d.OO  to  ."»S.i>(i 31.04 

Mica,  1.20  to  <).!>5 o.  M 

Analyses  of  {]w  rod  and  <rr(»on  t^ranitcs  are  (juoted  on  page^  isi). 
IS:^  Tlioy  show  1  per  cent  more  of  iron  oxides  in  the  green.  The 
ostinuiti'^  sliow  9.()1  \)cv  cent  more  quartz  in  the  green. 


E E-IN    KO.     3M      P„    \ll 

^^ 

^^^^^fc(l^_ 

,4.     REDSTON£  LEOGE    CS'.//A/    N    h     LOO/..f.O  I.     iO-  E. 


Showing,  on  tne  ie*t.  oua"/  •r  g'ee-  g-a*-  •*  a'  ;  '.-••:•  iy  '.' h  •  \» '  *  y/*'  •' 
from  axis  of  hill.  Bouraary  Det^fr^''  t'e  '.m:  ■^•%'  -t;  •.»".  ';  t^v  *  /  .#p  •' 
crusher  for  was'e. 


i;.     STORAGE  YARD  AT  MILFORD.  MASS..  WITH  FINISHED  BLOCKS  OF  MILFORD  PINK  GRANITE 
FOR  THE  PENNSYLVANIA  RAILROAD  TERMINAL  AT  NEW  YORK. 


Elevated  ra.is  are  for  travel. ng  crar.e. 
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The  percentage  of  CaO  (lime)  soluble  in  hot  dilute  acetic  acid  in 
granites  from  two  quarries  was  found  by  Messrs.  Schaller  and  Steiger, 
chemists,  of  the  United  States  Geological  Survey,  to  average  0.205 
per  cent,  and  the  CaCOg  (lime  carbonate)  thus  indicated  to  average 
0.353  per  cent. 

A  compression  test  of  the  Redstone  pink  shows  it  to  have  a  com- 
pressive strength  of  22.370  pounds  per  square  inch.  This  test  does 
not  bear  out  the  damaging  judgment  passed  on  Conway  granites  by 
Hawes  in  Hitchcock^s  Geology  of  New  Hampshire,"  although  all 
very  coarse  granites  weather  more  easily  than  those  of  finer  grain. 

TTie  Conway  quarries, —  The  Redstone  red  quarry  is  in  the  town  of 
Conway,  about  3  miles  S.  35°  E.  of  North  Conway,  on  the  base  of 
Redstorie  Ledge,  one-third  mile  N.  50°  E.  of  Redstone  station  on  the 
Maine  Central  Railroad,  and  180  feet  above  it.  (See  North  Conway, 
N.  H.,  topographic  sheet  of  the  United  States  Geological  Survey; 
also  fig.  23  and  PI.  VII,  A.)  Operator,  Maine  and  New  Hampshire 
Granite  Corporation,  Portland,  Me. 

'  The  granite  (specimens  D,  XXVIII,  35,  a,  b,  j,  k),  '^red  granite,'' 
is  a  biotite  granite  of  light  pink  color  with  large  dark  gray  and  small 
black  spots.  Its  texture  is  even  grained,  coarse,  and  with  feldspars 
up  to  0.75  inch,  exceptionally  1.25,  and  black  mica  up  to  0.3  inch. 
Its  constituents,  in  descending  order  of  abundance,  are:  A  light 
pink  nearly  opaque  potash  feldspar  (orthoclase,  mostly  twinned) 
minutely  intergrown  with  soda-lime  feldspar;  smoky-amethystine 
quartz  with  cavities,  up  to  0.012  millimeter,  in  sheets,  intersecting 
at  right  angles  and  parallel  to  rift  and  grain  cracks  (see  fig.  1  and 
p.  42);  translucent,  very  light  gray  to  milk-white  striated  soda- 
lime  feldspar  (oligoclase-albite) ;  and  biotite  (black  mica)  with  but 
little  of  it  chloritized.  The  orthoclase  is  much  kaolinizod,  the 
oligoclase  less  so.  The  orthoclase  in  places  surrounds  oligoclase;  in 
one  specimen  a  small  crj^stal  of  orthoclase  is  inclosed  by  oligoclase 
and  that  has  a  zone  of  orthoclase  about  it.  The  accessor}'  minerals 
are:  Magnetite  (ilmenite?),  pyrite,  apatite,  fluorite,  and  zircon. 
The  secondary:  Kaolin,  chlorite,  titanite  (leucoxene),  calcite,  and 
hematite  stain  mostly  combined  with  the  kaolin  and  only  visible 
under  incident  light. 

Estimates  of  the  mineral  percentages  by  the  Rosiwal  method 
yield  the  following  results: 

Estimated  viinerdl  percent (uus  in.  Redstone,  X.  11.,  ''red  f/ranite/' 

[Specimen  cut  at  right  angles  to  both  rift  and  grain:  nieah  O.S  inch,  total  linear  length  39.2  inches.] 

Feldspars 62.  GO 

Quartz. 31.00 

Mica  (biotite) 0. 40 

100.00 

a  Vol.  3,  pt.  4.  p.  195. 
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Estimated  mineral  percentafjes  in  Redstone^  N.  H.^  **  red  granite." 

[Specimen  cut  parallel  to  rift  showing  larger  feldspars;  mesh  1.2  Inches,  total  linear  length 

28.8  inches.] 

Feldspars 68. 00 

Quartz 26. 30 

Mica  (biotite) 5. 70 

100.00 
Average  of  both  above  estimates. 

Feldspars 65. 30 

Quartz 28. 65 

Mica  (biotite) 5. 55 

An  analysis  of  this  granite,  made  for  the  firm  in  1898  b}^  Franklin 
C.  Robinson,  State  assayer  of  Maine,  is  here  given  merely  for  refer- 
ence. 

Analysis  of  '^ red  granite**  from  Redstone^  N.  H. 

SiOa  (silica) 71. 44 

AI2O3  (alumina) 14.  72 

Fe203  (iron  sesquioxide) 2. 39 

FeO  (iron  oxide) 46 

(Total  iron  oxides,  2.85.) 

MgO  (magnesia) 96 

Na20(soda) 7.66 

K2O  (potash) 89 

Rare  elements,  mostly  TiOa  and  ZrOj  (titanium  and  zirconium  dioxides) 78 

Manganese,  sulphur,  calcium,  phoshates Traces. 

Loss  at  red  heat  (mostly  water) 61 

99. 91 

Specific  gravity  2. 635. 

Mr.  W.  T.  Schaller,  of  the  United  States  Geological  Survey's  chem- 
ical laboratory,  finds  that  this  granite  contains  0.16  per  cent  of  CaO 
(lime) ,  soluble  in  hot  dilute  acetic  acid,  which  indicates  a  content  of 
0.267  per  cent  of  CaCOg  (lime  carbonate),  the  presence  of  which  car- 
bonate is  also  shown  by  the  microscope. 

A  test  made  at  the  United  States  arsenal  at  Watertown,  Mass., 
in  1887,  gives  this  granite  a  compressive  strength  of  22,370  pounds 
per  square  inch. 

The  stone  takes  a  high  poHsh,but  the  large  size  of  its  mica  scales 
is  not  favorable  to  the  durability  of  the  polish  under  long-continued 
outdoor  exposure.  Polished  faces  show  some  magnetite.  As  the 
relative  amount  of  gra}"  to  pink  feldspar  is  small  the  contrast  is  mostly 
between  the  piiilv  feldspar  and  tlie  smoky  amethystine  quartz,  which 
is  v(My  pleasing.  The  minor  spots  of  black  mica  give  it  still  more 
character.  Tliis  is  a  constructional  granite,  but  is  also,  by  its  polish 
and  contrasts,  adapted  to  internal  decorative  uses. 

The  quarry,  opened  about  1 887,  is  about  500  feet  from  east  to  west 
by  300  feet  across  and  from  30  to  80  feet  deep,  Avith  a  working  fac^ 
80  feet  high  on  the  north.     (See  PI.  VII,  ^1.) 
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The  sheets,  from  4  to  30  feet  thick,  are  normal  and  arch  across  the 
axis  of  the  hill,  dipping  15°  to  the  east  in  this  quarry.  There  are 
3  sets  of  joints:  Set  A,  striking  east- west  and  vertical,  is  spaced  5  to 
40  feet,  and  not  everywhere  continuous.  -  Set  B,  striking  N.  35*^  W. 
and  dipping  80°  S.,  forms  a  heading  in  the  west  part  but  does  not* 
recur.  Set  C,  striking  N.  15°  E.  and  vertical,  recurs  at  160  feet.  The 
rift  is  reported  as  horizontal  and  the  grain  as  vertical  with  east-west 
course.  Both  are  marked  and  appear  as  delicate  cracks  in  the  quartz 
particles  on  polished  surfaces  parallel  to  the  "  hard-way. '^  This  inter- 
esting textural  feature  is  fully  discussed  on  page  42  and  is  illus- 
trated in  fig.  1.  There  are  small  dikes  of  deep  pinkish  aplite  (fine 
textured,  particles  0.185-0.555  millimeter)  consisting  of  pinkish 
orthoclase,  clear  quartz,  clear  oligoclase,  and  very  little  biotite,  with 
secondary  muscovite  and  hematite  stain.  In  the  eastern  part  of 
quarry  is  a  mass  about  30  feet  north  to  south  by  20  feet  east  to  west 
and  with  an  exposed  depth  of  10  feet,  which  may  be  a  very  large  knot 
or  quite  possibly  the  upper  part  of  a  dike  oval  in  cross  section. 
Streaks  of  black  mica  10  feet  long  radiate  from  its  upper  surface; 
also  irregular  pegmatitic  bands  with  small  dark-gray  knots.  Its 
matrix  (particles  0.074  to  0.59  millimeter)  is  of  medium  purplish- 
gray  color  with  porphyritic,  light-pinkish  feldspars  up  to  0.7  inch, 
light  smoky  quartz  to  0.03  inch,  and  black  silicate  to  0.2  inch.  The 
matrix  consists  of  orthoclase,  quartz,  oligoclase-albite,  hornblende, 
and  biotite,  with  accessory  magnetite,  apatite,  fluoritc,  titanite,  and 
zircon.  The  large  feldspars  are  orthoclase  with,  intergrown  oligoclase 
and  quartz.  There  are  elliptical  and  spherical  knots  from  one-half 
inch  t(f  14  inches  in  diameter  of  exceedingly  fine-grained,  very  dark 
gray,  largely  biotitic  material  with  sparse  porphyritic  feldspars. 
Lenses  of  pegmatite  up  to  2  feet  by  6  inches  also  occur,  and  lenticular 
geodes,  mainly  of  intergrown  quartz  and  feldspar  surrounded  by  a 
half-inch  band  of  aplite.  These  geodes  are  lined  with  crystals  of 
smoky  amethystine  quartz  and  orthoclase  incrusted  with  chlorite  and 
calcite.  Some  obtuse  rhombs  of  calcite  are  one-half  inch  wide.  Joint 
C  is  coated  with  epidote  and  chlorite,  and  the  granite  for  one-half 
inch  back  of  it  is  much  altered  to  kaolin  and  mica,  and  stained  by 
hematite  and  limonite.  (See  p.  62.)  Rusty  stain  is  an  inch  thick 
along  sheet  surfaces,  but  up  to  4  inches  along  the  joints. 

The  plant,  including  also  that  of  the  adjacent  quarry  (p.  182) 
and  of  the  cutting  shed,  comprises  12  derricks,  6  hoisting  engines, 
2  locomotive  cranes,  2  air  compressors  (capacity  690  and  80  cubic  feet 
of  air  per  minute) ,  a  large  drill,  8  air  plug  drills,  29  air  hand  tools, 

2  siirfacers,  a  lathe  for  stones  12  feet  by  2  feet  6  inches,  2  polishing 
lathes  for  stones  22  feet  by  4  feet  and  15  feet  by  2  feet  6  inches, 

3  polishers,  2  stone  crushers,  and  3  stationary  engines  for  crushers, 
lathes,  and  polishers. 
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Transportation  is  by  a  gravity  track  1,100  feet  long  from  quarry 
to  shed  and  by  siding  from  there. 

The  product  is  used  mainly  for  buildings.  Specimens:  First 
National  Bank,  Chicago;  First  and  Fourth  National  banks,  Cincin- 
nati, with  polished  columns;  Franklin  Savings  Bank,  New  York; 
Temple  Bar  Building,  Brooklyn;  Union  station,  Pittsburg;  City  hall, 
Lowell;  High  school,  Springfield,  Mass.;  base  of  Longfellow  monu- 
ment, Portland,  Me.;  State  Library,  Concord,  N.  H.  The  pilasters 
and  trimmings  of  this  library  are  of  Concord  granite,  the  columns, 
at  the  entrance,  are  of  polished  green  granite  from  the  next  quany^, 
and  the  rest  is  of  the  '*  red  granite." 

The  Redstone  green  quarry  is  in  the  town  of  Conway,  about  3  miles 
S.  25°  E.  of  North  Conway,  on  the  base  of  Redstone  Ledge,  about 
800  feet  west-northwest  of  the  red  quarry,  described  above,  less  than 
one-half  mile  N.  15°  E.  from  Redstone  station  and  about  140  feet 
above  it.  (See  fig.  23  and  PI.  VII,  A.)  Operator,  Maine  and  New 
Hampshire  Granite  Corporation,  Portland,  Me. 

The  granite  (specimens  D,  XXVIII,  36,  a,  b,  c),  "green  granite," 
is  a  biotite-homblende  granite  of  dark-yellow  greeilish-gray  color 
with  black  spots.  Its  texture  is  even  grained,  coarse,  with  feldspars 
up  to  0.8  inch  and  mica  to  0.3  inch.  Its  constituents,  in  descending 
order  of  abundance,  are:  Medium-gray  potash  feldspar  (orthoclase) 
with  some  yellow-green  stained  cleavage  faces.  (This  feldspar  is 
always  minutely  intergrown  with  hme-soda  feldspar,  oligoclase-albite, 
some  of  it  is  twinned  and  it  is  all  much  kaolinized);  dark  yellow- 
green  smoky  quartz  with  cavities  in  2  or  3  sets  of  intersecting  sheets 
with  rift  and  grain  cracks  parallel  to  two  of  them  and  in  plac&  coin- 
ciding with  them  (see  p.  42) ;  very  little  separate  soda-lime  feld- 
spar (oligoclase-albite),  shghtly  micacized;  biotite  (black  mica)  and 
hornblende,  some  of  it  corroded.  Accessoiy  minerals  are:  Magnetite 
(ilmenite?),  fluorite,  allanite  (mostly  in  biotite),  and  zircon.  Sec- 
ondary: Kaolin,  a  white  mica,  calcite,  epidote  in  veinlets,  chlorite, 
and  limonite.  There  is  a  faint  yellowish  Hmonitic  stain  along  the 
rift  and  grain  cracks  of  the  quartz,  and  along  these  and  the  cleavage 
planes  of  the  feldspar,  and  along  borders  of  all  particles.  This  stain 
is  deeper  in  the  quartz  because  there  are  more  cracks  in  it,  and  this, 
in  combination  with  its  original  slightly  amethystine  hue,  gives  the 
quartz  a  t2:reonish  tint;  and  this  yellow  stain  also,  in  connection  with 
the  ()n<]:inal  slightly  ])liiish  gray  of  the  feldspars,  gives  them  in  places 
a  greenish  color.  Much  of  this  limonite  stain  comes  from  allanite 
particles,  as  shown  in  fig.  3,  some  also  from  the  hornblende,  biotite, 
and  magnetite.     (See  ]).  52.) 

An  estimate  of  the  mineral  percentages,  obtained  by  the  Rosiwal 
method,  yields  the  following  results  \nth  one-half  inch  mesh  and 
total  Unear  length  of  71  inches: 
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Estimated  mineral  percentages  in  ^^ green  granite^ ^  from  Redstone,  N.  H. 

Feldspar 54.  79 

Quartz 38. 26 

Mica  (biotite) 6. 95 

100.00 

An  analysis  made  for  the  firm  by  Franklin  C.  Robinson,  State 
assayer  of  Maine,  in  1899,  is  given  here  merely  for  reference: 

Analysis  of '^  green  granite ^^  from  Redstone,  N.  II. 

SiOj  (silica) 70.42 

AI2O3  (alumina) 14. 64 

FcjOa  (iron  sesquioxide) 1. 54 

FeO  (iron  oxide) 2. 34 

(Total  iron  oxides,  3.88.) 

MgO  (magnesia) 1. 20 

Na20(soda) 7.80 

K2O  (potash) 71 

Rare  elements,  mostly  TiO.^  and  ZrO^  (titanium  and  zirconium  dioxides) 48 

Manganese,  sulphur,  calcium,  and  phasphates *  Traces. 

Loss  at  red  heat,  mostly  water 61 

99.74 
Specific  gravity  2.634. 

It  will  be  noticed,  on  comparing  the  amounts  of  iron  oxides  in  this 
and  the  red  granite  (p.  180),  that  this  exceeds  the  other  by  1  per 
cent,  which  is  attributable  to  its  larger  content  of  hornblende  and 
allanite  and  of  the  limonite  proceeding  therefrom. 

When  first  quarried  this  stone  is  more  greenish  than  after  a  few 
years'  exposure,  when  its  feldspars  become  more  grayish,  but  its  gen- 
eral color  is  even  then  still  markedly  greenish.  The  cause  of  this 
change  is  not  apparent,  for  organic  acids  do  not  reach  the  quarried 
blocks.  It  takes  a  high  pohsh,butits  large-sized  mica  plates  furnish 
vulnerable  points  of  attack  by  the  weather  under  prolonged  exposure. 
The  polished  face  shows  a  Httle  magnetite.  The  contrasts  are  weaker 
than  in  the  red  granite,  owing  to  the  darker  sliade  of  its  feldspar. 
Whether  in  the  rough  or  polished,  its  color  is  striking.  Though  not 
unsuitable  for  purposes  of  construction,  it  is  a  coarse  decorative 
granite  well  adapted  for  sheltered  positions. 

The  quarr}",  opened  about  1887,  is  about  150  feet  north  to  south  by 
100  feet  across  and  up  to  50  feet  in  depth,  which  is  the  height  of  the 
working  face  on  the  north.     It  is  worked  at  intervals  only. 

The  sheets,  from  11  inches  to  14  feet  thick,  dip  about  15°  W. 
(See  PL  VII,  A,)  The  joint  sets  are  the  same  as  in  the  red  quarry, 
and  the  rift  and  grain  are  hkewise  the  same. 

The  plant  has  been  included  in  that  of  the  red  quarry. 

Transportation  is  by  cartage  of  500  feet  to  the  cutting  shed. 
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The  product  has  been  used  for  buildings  and  polished  columns. 
Specimens:  Front  of  the  first  three  stories  of  Fidelity  Mutual  Life 
Insurance  Building,  Philadelphia;  polished  columns  in  the  North- 
western Guarantee  Loan  Company's  Building,  Minneapolis;  in  the 
Baxter  Building,  on  Congress  street,  Portland,  Me.,  and  in  the  upper 
and  lower  vestibules  of  the  State  Library,  Concord,  N.  H. 

The  White  Mountain  quarry  is  in  the  town  of  Conway,  If  miles 
southwest  of  North  Conway,  on  the  west  side  of  a  hill  between  Saco 
River  and  Moat  Brook,  southeast  of  White  Horse  Ledge.  (See  fig. 
23.)  Owner,  Henry  A.  Hitner's  Sons  Company,  Pennsylvania  Build- 
ing, Philadelphia. 

The  granite  (specimens  D,  XXVIII,  38,  a,  b)  is  a  biotite  granite 
of  medium  pinkish  buff  gray  color  with  black  spots.  Its  texture  is 
even  grained,  coarse,  with  feldspars  up  to  0.8  inch  and  mica  to  0.3 
inch.  Its  constituents,  in  descending  order  of  abundance,  are :  Pink- 
ish buff  potash  feldspar  (orthoclase)  in  twins  and  minutely  inter- 
grown  with  soda-lime  feldspar  (oligoclase-albite),  also  intergroi^Ti 
with  quartz  and  kaolinized;  amethystine  quartz  with  cavities  in  sheets 
intersecting  at  right  angles,  those  in  the  rift  direction  being  very  close 
together;  slightly  greenish  gray  soda-lime  feldspar  (oligoclase),  also 
intergrown  with  quartz,  kaolinized,  and  partly  micacized,  in  cases 
inclosed  in  orthoclase;  biotite  (black  mica),  some  of  it  chloritized. 
Accessory  minerals  are:  Fluorite,  allanite,  zircon.  Secondary:  Kao- 
lin, a  white  mica,  chlorite,  and  limonite  and  hematite  stain. 

This  is  a  coarse  constructional  granite  with  good  rift. 

The  quarry,  not  operated  since  December  1,  1903,  lies  between 
the  645  and  the  735  foot  levels,  measures  about  400  feet  N.  75°  W. 
by  250  feet  across  and  from  35  to  90  feet  in  depth.  The  top  of  the 
working  face  is  30  feet  below  the  top  of  the  hill. 

The  sheets,  from  3  to  30  feet  thick,  are  horizontal  or  dip  low  north 
and  also  south.  Joints  A,  striking  N.  30°  E.  and  dipping  60°  N.  and 
90°,  are  spaced  20  to  70  feet.  Joints  B,  striking  N.  70°  to  80°  W. 
and  vertical,  are  spaced  2  to  50  feet.  A  geode  of  pegmatite  with 
smoky  amethystine  quartz  crystals  an  inch  long  was  noticed.  Rusty 
stain  is  from  1  to  8  inches  thick  on  the  sheets  and  up  to  2  feet  along 
the  joints. 

Tlie  plant  consists  of  11  derricks,  4  Lidgerwood  hoisting  engines, 
6  Lidgerwood  ''skeleton  engines,"  2  Lambert  engines,  2  air  compres- 
sors (Rand  Xo.  10),  6  large  drills,  16  air  plug  drills,  a  locomotive 
on<^ino,  and  4  stoam  ])umps. 

Transportation  is  by  a  private  siding,  1']  miles  long,  from  the  main 
line  of  the  Boston  and  Maine  Railroad.      (See  fig.  23.) 

This  ((uarr}'  was  opened  by  the  contractors  for  the  Boston  dry  dock 
at  the  Charl(\st()wn  Xavy-Yard,  in  which  the  stone  was  used.  It  but 
recently  passed  into  the  hands  of  its  present  owners. 
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The  Fletcher  cfe  Lahey  quarry  is  in  the  town  of  Madison,  about 
2J  miles  southwest  of  Conway  Corners  and  a  mile  about  west  of  the 
main  line  of  the  Boston  and  Maine  Railroad.  Operators,  Fletcher  & 
Lahey,  West  Chelmsford,  Mass. 

The  granite  (specimens  D,  XXVIII,  37, -b,  d) — the  more  pinkish 
variety — is  a  biotite  granite  of  Hght  pinkish  gray  color,  mottled  with 
dark  purpUsh  gray  and  with  small  black  spots.  Its  texture  is  even 
grained,  coarse,  with  feldspars  up  to  0.7  inch  and  mica  to  0.2  inch. 
Its  constituents,  in  descending  order  of  abundance,  are  a  light  pink- 
ish gray  potash  feldspar  (orthoclase,  mostly  twinned),  minutely  inter- 
grown  with  soda-Ume  feldspar  (oUgoclase-albite)  and  considerably 
kaolinized;  dark  amethystine-smoky  quartz  with  cavities;  translu- 
cent sUghtly  greenish  white  striated  soda-Ume  feldspar  (oUgoclase) 
partly  micacized;  and  biotite  (black  mica),  some  of  it  chloritized. 
Accessory:  Magnetite  and  allanite.  Secondary:  Kaolin,  a  white 
mica,  and  chlorite. 

An  estimate  of  the  mineral  percentages,  by  the  Rosiwal  method, 
yields  the  following  results  with  mesh  of  one-half  inch  and  total 
linear  length  of  20  inches: 

Estimated  mineral  percentages  in  Madison,  N.  //.,  granite. 

Feldspars 67 .  20 

Quartz 28. 60 

Mica  (biotite) 4. 20 

100.00 

Mr.  E.  C.  SuUivan,  of  the  United  States  Geological  Survey's  chem- 
ical laboratory,  finds  that  this  granite  contains  0.25  per  cent  of  CaO 
(lime)  soluble  in  hot  dilute  acetic  acid,  wliich  indicates  a  content  of 
0.44  per  cent  of  CaCOg  (Hme  carbonate). 

This  is  a  coarse- textured  constructional  granite  of  warm  tint, 
possessing  marked  contrasts  of  color,  which  come  out  strongly  oq  the 
polished  face  (delicate  pink,  mottled  with  purphsh  smoke  and  dotted 
with  black).  The  somewhat  large  mica  scales  arc  not  favorable  to 
the  durability  of  the  polish  under  long-continued  outdoor  exposure. 

The  less  pinkish  variety  (specimen  37,  a)  is  like  the  other  except  in 
that  the  orthoclase  is  more  nearly  cream  colored.  Apatite  and  zircon 
appear  among  its  accessory  minerals.  Its  contrasts  are,  if  anything, 
a  trifle  more  marked  than  those  of  the  other. 

The  quarr}%  opened  between  1888  and  1891,  is  at  the  east  foot  of  a 
granite  bluff  200  feet  high,  which  also  has  a  steep  south  side.  It  is 
abotit  500  feet  square,  with  an  extension  on  the  bluff  where  there  is 
a  working  face  100  feet  high.     Its  depth  is  from  15  to  50  feet. 

The  sheets,  from  2  to  20  feet  thick,  are  horizontal  but  dip  10°  E. 
on  the  east  and  on  the  bluff  10°  E.  to  NE.  There  are  two  sets 
of  joints:  Set  A,  striking  N.  80°  W.  and  vertical,  is  spaced  5  to 
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100  feet  and  forms  a  10-foot  heading  in  the  northern  half  of  quarry 
and  another  at  the  north  wall.  Set  B,  striking  N.  15°  E.  and  vertical, 
is  spaced  5  to  100  feet  and  forms  a  heading  on  the  east  side.  The 
rift  is  reported  as  horizontal  and  the  grain  as  vertical,  with  N.  80°  W. 
course.  The  pinkish  variety  occurs  on  the  south  side  and  the 
lighter  on  the  north.  Rare  granitic  dikes,  1  to  6  inches  wide,  consist 
of  a  groundmass  of  medium-gray  shade  and  fine  to  medium  texture, 
spangled  with  biotite  and  with  porphyritic  pinkish  feldspars  up 
to  0.4  inch.  The  groundmass  consists  of  orthoclase,  microcline, 
oUgoclase-albite,  quartz,  and  biotite.  Rusty  stain  is  from  1  to  4  inches 
thick  on  upper  sheets,  decreasing  below.  Joint  faces  are  coated  with 
epidote. 

The  plant  consists  of  4  derricks,  4  hoisting  engines,  an  air  com- 
pressor (capacity,  250  cubic  feet  of  air  per  minute),  3  large  drills, 
9  air  plug  drills,  and  3  steam  pumps.  The  firm  has  a  cutting  plant 
at  West  Chelmsford,  Mass. 

Transportation  is  by  a  siding  1  mile  long  to  the  main  line  of  the 
Boston  and  Maine  Railroad. 

The  product  is  used  almost  entirely  for  bridges  and  buildings. 
In  1906  the  firm  was  filling  contracts  for  certain  piers  on  the  Boston 
and  Maine  Prison  Point  Street  Bridge,  at  East  Cambridge,  Mass.  (see 
p.  164),  and  also  for  a  bridge  at  South  Acton,  Mass.  Specimen 
monument:  Dudley  Porter  memorial  fountain,  at  Haverhill,  Mass. 


The  granite  described  in  this  section  is  quarried  at  a  point  7 
miles  east  of  Manchester,  in  the  township  of  Auburn,  Rockingham 
County.  Hitchcock's  geological  map  of  New  Hampshire  (1877  and 
1885)  shows  at  about  that  point  a  belt  of  '^Huronian''  schist  and  con- 
glomerate on  the  southeast  in  contact  on  the  northwest  with  the  belt 
of '' Winnepesaukee  ^^  gneiss  (referred  to  on  p.  144)  as  including  theCon- 
cord  granites.  Both  belts  have  a  northeasterly  trend.  The  Auburn 
granite  apparently  belongs  to  the  same  general  granite  area  as  the 
Concord  granite. 

The  granite  (specimens,  D,  XXVIII,  46,  a,  b),  '*  deep-pink  Auburn,'' 
is  a  quartz  monzonite  of  medium  pink-buff  color  with  very  fine  black 
dots.  Its  texture  is  fine,  witli  feldspar  and  mica  up  to  0.1  inch.  Its 
constituents,  in  descending  order  of  abundance,  are:  Slightly  pinkish 
potash  foldspiir  (orthoclase  and  microcline);  almost,  if  not  quite  as 
abunchint,  clear  to  milk-white  soda-lime  feldspar  (oligoclase),  some 
of  it  kuoHnized  and  inicacizod  ;  smoky  quartz;  and  biotite  (black mica). 
some  of  it  chloritized  and  ])loachc(l.  Accessory  minerals  are:  Magnet- 
ite, apatite,  and  zircon.  Secondard:  Kaolin,  a  white  mica,  chlorite, 
and  hematite  stain. 
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The  stone  takes  a  fair  polish,  and  the  hammered  face  by  its  Hght- 
ness  offers  not  a  little  contrast  to  the  rough  and  polished  faces.  It  is 
used  for  monumental  work. 

The  quarry  is  operated  by  W.  H.  Perry  &  Co.,  of  Concord,  N.  H. 

SUNAPEE. 

The  granite  and  diorite  of  the  Sunapee  quarry  district  are  re- 
ported as  occurring  in  vertical  contact  at  a  point  about  2i  miles 
roughly  east  of  Sunapee.  Hitchcock's  geological  map  of  New  Hamp- 
shire (1877  and  1885)  shows  very  near  this  locality  a  contact  between 
a  belt  of  his  '^Atlantic  system,''  which  includes  '^Winnepesaukee" 
gneiss  and  the  granite  of  Sunapee,  Concord,  and  Milford,  on  the  west, 
with  a  belt  of  his  older  ^'Laurentian"  porphyritic  gneiss  on  the  east. 
The  operator  of  the  quarry  states  that  the  rift  is  horizontal  in  the 
granite  but  vertical  in  the  adjacent  diorite. 

The  granite  (specimens,  D,  XXVIII,  47,  a,  b),  ^* light  Sunapee,^' 
is  a  biotite-muscovite  granite  of  a  light  gray,  slightly  bluish  color 
and  very  fine  to  fine  texture,  with  feldspars  up  to  0.15  inch  and 
mica  to  0.1  inch.  Its  constituents,  in  descending  order  of  abund- 
ance, are :  Colorless,  clear  potash  feldspar  (microcline  and  orthoclase, 
the  latter  with  hairlike  crj^stals  probably  of  rutile,  both  being  inter- 
grown  with  quartz  circular  in  cross  section) ;  clear,  colorless  (juartz, 
also  with  rutile  needles;  translucent  to  milk-white  soda-hme  feldspar 
(oligoclase-albite),  somewhat  kaolinized  and  intergrown  with  quartz; 
biotite  (black  mica),  and  muscovite  (white  mica).  Accessory: 
Magnetite,  garnet,  zircon,  and  rutile.  Secondary:  Kaolin  and 
carbonate. 

This,  as  will  be  seen  by  comparing  the  descriptions,  is  finer  grained 
than  Concord  granite.  It  lends  itself  well  to  fine  carving.  Its  par- 
ticles are  too  fine  to  afford  contrasts.     It  takes  a  fair  polish. 

The  ^'black granite"  (specimen  D,  XXVIII,  48,  a,  b),  ''black  pearl" 
or  '^dark  Sunapee,"  is  a  quartz  diorite  of  verA^  dark  bluish-gray  color 
and  fine,  inclining  to  medium,  texture,  with  feldspars  up  to  0.2  inch. 
Its  constituents,  in  descending  order  of  a])undance,  are:  Clear,  color- 
less to  milk-white  soda-lime  feldspar  (ohgoclase-andesine  to  andesine), 
but  little  kaolinized,  rarely  intergrown  with  (|uartz;  biotite  (black 
mica);  clear  colorless  quartz  (possibly  e(|ual  in  amount  to  feldspar); 
and  titanite.  There  is  so  much  of  this  molasses-colored  mineral 
present  that  it  is  easih^  seen  with  a  loop.  Accessory:  Magnetite 
(ilmenite?),  j)yrite,  allanite,  and  zirccm.  Secondary:  KaoHn,  epi- 
dote  (about  allanite),  calcite,  and  hematite.  It  effervesces  slightly 
with  dilute  muriatic  acid. 

When  pohshed  the  rock  appears  black  mottled  with  white.  The 
polish  is  poor  owing  to  the  large  size  and  abundance  of  mica.     It 
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shows  magnetite  and  a  little  pyrite.     The  hammered  face  is  light 
gray  and  thus  is  in  marked  contrast  to  both  rough  and  polished  faces. 
The  stone  is  used  for  monuments  and  is  suitable  for  inscriptions. 
The  quarry  is  operated  by  W.  H.  Perry  &  Co.,  of  Concord,  N.  H. 

RHODE    ISLAND. 

GENERAL   STATEMENT. 

The  granite  industry  of  Rhode  Island  centers  at  Westerly.  .  Some 
of  the  quarries  are  near  Westeriy,  others  near  Niantic.  Westerly  is  at 
the  extreme  western  edge  of  the  State,  5  miles  north-northeast  of 
Watch  Hill  on  the  Atlantic  shore,  and  Niantic  is  4i  miles  east-north- 
east of  Westerly.  (See  map,  PI.  I,  and  Stonington  and  Charlesto\%Ti, 
R.  I.,  topographic  sheets  of  the  United  States  Greological  Survey.) 

WESTERLY   AND    NIANTIC. 

Topography, — Some  of  the  Westerly  quarries  are  on  an  east-west 
ridge  about  a  mile  northeast  of  the  city.  This  ridge  attains  an  eleva- 
tion of  200  feet  above  sea  level  and  160  feet  above  the  city.  Others 
are  about  a  mile  southeast  of  Westerly  on  the  130-foot  level,  and  one 
lies  a  mile  eUst  of  it  on  the  100-foot  level.  The  Niantic  quarries  lie 
from  a  mile  south-southeast  to  1}  miles  southeast  of  the  village  of 
Niantic,  some  being  in  the  town  of  Westerly,  and  one  in  the  town  of 
Charlestown.     (See  fig.  24.) 

General  geology. — The  granites  of  Westerly  and  the  closely  related 
granites  of  Niantic  have  been  briefly  described  by  Merrill,  by  Kemp, 
and  by  Rice  and  Gregory;"  and  in  Gregory  and  Robinson's  geologic 
map^  of  Connecticut  the  granite  gneiss  area  into  which  the  Westerly 
granites  were  intruded  in  the  adjacent  parts  of  Connecticut  is  sho\^Ti. 

According  to  these  geologists,  the  ^' wliite^'  and  ''blue"  fine-grained 
Westerly  granites  were  intruded  as  dikes  in  a  molten  state  into  cer- 
tain older  granite  gneisses  (Sterling  granite  gneiss),  which  formed 
extensive  parts  of  the  surface  along  the  Atlantic  shore.  The  medium- 
grained  reddish  granite  of  the  Redstone  quarry  northeast  of  Westerly 
and  the  ver>^  coarse  gneisses  exposed  at  the  other  quarries  all  belong 
to  this  granite  gneiss  formation.  These  granite  gneisses  were  orig- 
inally granites  which  had  likewise  been  intruded  into  an  earlier 
overlying  gneiss,  a  nietamorposed  sedimentarj^  rock  ("Putnam 
gneiss,"  etc.)  of  which  no  remnants  are  reported  as  occurring  at  West- 
erly.    Prior   to   tlie   intrusion   of  the  Westerly  granite   these   older 

"  Merrill,  (i.  1'.,  Report  of  building  stones:  Tenth  Census,  vol.  10,  1885,  p.  20.  Kemp,  J.  F..  Gninit*-* 
of  southern  Kho<le  Island  and  Connex'ticut,  with  observations  on  Atlantic  coast  granites  in  general: 
Bull.  Ceol.  Soc.  America,  vol.  10,  1S!)9.  pp.  3rd-3S2,  esi)oriaUy  pp.  3<i5-370,  375,  370,  and  pi.  35.  Uice. 
W.  N.,  and  (Jregory,  H.  E.,  Manual  of  the  geology  of  Connecticut:  Connecticut  State  Geol.  and  Xat. 
Hist.  Survey.  Bull.  (.,  1900,  pp.  115,  13r.,  152,  154,  155. 

''Gregory,  II.  E.,  and  l^obinson,  II.  II.,  Preliniinarj'  geologic  map  of  Connecticut,  Sterling  granite 
gnel.^f'  ^2-1  ,  .il5;o  the  acco".:panying  Outline  of  the  geolog)'  of  the  State:  Conn.  State.  Oeoi.and  Xat.  Hist 
Survey,  Bull.  7,  1907,  p.  36. 


BHODE  ISLAND. 


189 


granites  had  been  subjected  to  an  amount  of  lateral  compression 
sufficient  to  crush,  elongate,  rearrange,  and  recrystallize  their  par- . 
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tides  and  thus  change  them  into  a  gneiss.     The  amount  of  tliis 
change  is  not  always  uniform.     At  some  time  prior  to  the  intrusion 
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of  the  Westerly  granite  the  granite  gneiss  was  traversed  by  peg- 
matite dikes.  The  Westerly  granites  themselves  were  later  also 
traversed  by  pegmatite  dikes  and  at  a  still  later  time  by  basic  dikes. 
These  dikes  are  probably  of  Triassic  age,  as  are  the  trap  ridges  of 
New  Haven  and  the  Connecticut  Valley.  Thus  the  Westerly  region 
bears  records  of  at  least  five  periods  of  igneous  activity. 

Geology  of  Westerly  and  Niantic  quarries, — ^That  the  fine  statuarj" 
granite  is  of  later  date  than  the  coarser  red  granite  (Sterling  granite 
gneiss)  is  clear  from  their  relations  at  the  Redstone,  Smith  north, 
and  Calder  &  Camie  quarries.  That  the  red  granite  itself  is  older 
than  a  banded  biotite  gneiss  follows  from  its  containing  inclusions 
of  it.  Northeast  of  Westerly  the  fine  statuary  granite  was  intruded 
into  the  red  granite,  but  at  the  Smith  and  Catto  quarries  (figs.  25,  26) 
it  or  its  associated  fine  blue  granite  was  intruded  into  a  finely  banded 
biotite  gneiss  not  unlike  that  in  the  red  granite,  and  at  the  Klondike, 
Newall,  and  Crumb  quarries,  near  Niantic  (PI.  IX,  Ay  and  fig.  27), 
it  was  intruded  into  a  porphyritic  biotite  gneiss,  which  may  be 
simply  a  more  gneissic  phase  of  a  coarser  Sterling  granite  gneiss 
than  that  exposed  at  the  Redstone  and  Dixon  quarries.  But  the 
finely  banded  gneiss  of  the  other  quarries  and  of  the  inclusions  resem- 
bles the  inclusions  in  the  Redstone  granite  and  differs  from  that 
granite  itself  both  by  the  absence  of  microcline  and  by  the  predom- 
inance of  oligoclase  or  of  oligoclase-andesine  to  andesine  so  as  to 
indicate  that  these  finely  banded  gneisses  belong  to  another  forma- 
tion, possibly  to  the  Putnam  gneiss  of  Connecticut  geologists.  The 
strike  of  the  banded  biotite  gneiss  is  N.  35°  W.  at  the  Smith  quarry. 

The  fine  Westerly  granites  appear  in  dikeUke  masses  from  50  to 
150  feet  thick,  striking  N.  75°-90°  W.,  and  dipping  30°-45°  about 
south.  At  the  Smith  quarry  they  are  underlain  by  a  parallel  mass 
of  aplitic  granite  of  similar  character,  carrying  also  inclusions  of 
finely  banded  biotite  gneiss.  At  the  Klondike  quarrj'  the  granite 
has  a  flow  stnicture  striking  N.  10°-20°  W.,  intersecting  the  course 
of  the  apparent  dike.  It  is  uncertain  whether  these  are  granite 
dikes  or  protuberances  from  a  broad  intrusive  mass  which  have 
become  exposed  by  the  erosion  of  the  thinner  parts  of  the  overMng 
gneiss. 

The  phenomena  at  the  quarries  indicate  the  following  as  the  probable 
order  of  go()loj2:ical  events  about  Westerly:  (1)  A  finely  banded  biotite 
gneiss  forms  the  surface;  (2)  intrusion  by  the  red  granite  of  the  hill 
nortlieast  of  W(^sterly  with  a  northeasterly  flow  structure,  and  also 
by  the  gray  granite  of  Niantic;  (.'])  nietaniorphism  of  the  red  and 
gray  granite  converting  it  about  Niantic  into  a  porphyritic  gneiss 
(Sterling  granite  gneiss) ;  (4)  intrusion  of  the  Westerly  and  Niantic 
flue  granites,  in  some  places  into  the  earlier  banded  biotite  gneiss, 
in  others  into  the  more  or  less  altered  Sterling  granite  gneiss;   (5)  j)eg- 
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matite  and  aplite  dikes  traverse  both  the  Westerly  granites  and 
the  Sterling  granite  gneiss,  some  in  the  latter,  however,  are  con- 
nected with  the  intrusion  of  the  finer  granite;  (6)  a  diabase  dike 
traverses  both  the  Westerly  and  the  Sterling  granite  and  the  peg- 
matite dikes  in  the  latter  at  the  Redstone  quarry.  This  occurred 
probably  in  Triassic  time. 

The  chief  joint  course  in  the  fine  granites  is  N.  10°-25°  E.  but  the 
following  also  occur:  N.  35°-40°  E.,  N.  50°-60°  E.,  N.  10°-22°  W., 
N.  45°-55°  W.  In  the  older  red  granite  the  courses  are  N.  35°-45°  E. 
and  N.  60°  W.  The  rift  is  reported,  in  the  fine  granites,  as  either 
horizontal  or  inclined  10°  north  or  south,  and  the  grain  as  either 
vertical  or  75°  north,  with  an  east-west  or  N.  65°  W.  or  N.  70°  E. 
course,  in  one  instance  with  a  dip  of  45°  S.  20°  W.,  in  another  as 
scarcely  perceptible.  In  the  coarser  granite  the  rift  is  reported  as 
dipping  20°  east  or  west.  A  compressive  strain  is  reported  as  com- 
ing from  the  north  and  south,  east  and  west,  and  northeast  and 
southwest. 

Description  of  Westerly  granites. — The  following  summarizes  the 
more  detailed  descriptions  of  specimens  and  thin  sections,  from  both 
Westerly  and  Niantic  quarries,  given  on  pages  194-209. 

"Westerly  white  statuary''  granite  is  a  quartz  monzonite  of  more 
or  less  pinkish  or  buff  medium-gray  color,  and  of  verj^  fine  even- 
grained  texture,  with  slender  feldspars  not  over  0.1  inch  long  and 
slender  micas  not  over  0.15  inch  long.  Its  constituents,  in  descend- 
ing order  of  abundance,  are:  Pale  smoky  quartz;  clear,  colorless  to 
milk-white  soda-lime  feldspar  (oligoclase-albite  to  oligoclase) ;  in 
nearly  equal  amount,  slightly  pinkish  or  cream-colored  potash  feld- 
spar (microcline  and  orthoclase) ;  and  black  mica.  Magnetite  and 
pyrite  are  among  the  accessory^  minerals,  and  calcite  is  among  the 
secondary. 

'*  Blue  Westerly  "  granite  is  a  quartz  monzonite  of  more  or  less  l?luish 
medium-gray  color,  with  fine  black  particles  and  of  fine  even-grained 
texture,  with  feldspars  up  to  0.1  or  0.2  inch  and  mica  to  0.1  or  0.15 
inch  long.  Its  constituents,  in  descending  order  of  abundance  are: 
Clear  to  milk-white,  pinkish  or  cream-colored  soda-lime  feldspar 
(oligoclase-albite  to  oligoclase);  more  or  less  transparent  bluish  or 
greenish  potash  feldspar  (microcline  and  orthoclase);  and  blacTc 
mica.  Magnetite  and  pyrite  are  among  the  accessoiy  minerals,  and 
calcite  is  among  the  secondaiy. 

"Red  Westerly"  granite  is  a  biotite  granite  of  reddish-gray  color 
speckled  with  black  and  of  even-grained  medium,  inclining  to  coarse, 
texture,  with  feldspars  under  0.4  inch,  exceptionally  0.5  inch,  and 
mica  up  to  0.2  inch  long.  Its  constituents,  in  descending  order  of 
abundance,  are:  Reddish  potash  feldspar  (microcline  and  ortho- 
clase-albite) ;  and  black  mica.     Both  feldspars  are  in  places  stained 
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red  from  hematite,  resulting  from  the  oxidation  of  magnetite  par- 
ticles, which  with  pyrite  is  among  its  accessory  minerals.  Secondary 
calcite  is  present. 

Estimates  of  the  mineral  percentages  in  the  statuary  granite, 
obtained  by  applying  the  Rosiwal  method  to  camera  lucida  drawings 
of  parts  of  two  thin  sections  enlarged  40  diameters,  yield  the  follow- 
ing results,  with  mesh  of  1  and  1.4  inches  and  total  linear  lengths  of 
40  and  33.6  inches. 

Estimated  mineral  percentages  in  Westerly  statuary  granite. 

Quartz 36.09 

Oligoclase-albite  to  oligoclaae  (soda-lime  feldspar) 30. 63 

Microcline  and  orthoclase  (potash  feldspar) 28. 44 

Biotite  (black  mica) 3. 59 

White  mica 50 

Magnetite ». 75 

100.00 

The  average  diameter  of  the  particles,  obtained  by  the  same  meas- 
urements, is  0.175  millimeter  or  0.0069  inch.  Measurements  of 
the  larger  particles  in  four  thin  sections  of  this  granite,  made  with 
the  micrometer,  give  the  following  figures:  Microcline  and prthoclase 
0.50  to  0.95  millimeter,  oligoclase  0.56  to  1.122  millimeters,  biotite 
0.39  to  0.56  millimeter,  white  mica  0.168  to  0.392  millimeter, 
quartz  0.50  to  1.122  millimeters,  magnetite  0.112  to  0.224  millimeter. 
The  feldspars,  quartz,  and  biotite  in  their  coarser  particles  thus  range 
from  0.39  to  1.122  millimeters,  or  0.015  to  0.0439  inch. 

Two  estimates  of  the  mineral  percentages  in  '* Westerly  blue'* 
granite  (pp.  195,  208),  made  in  the  same  way,^  average: 

EstiTnated  mineral  percentages  in  Westerly  blue  granite. 

Soda-lime  feldspar  (oligoclase-albite  to  oligoclase ) 44. 48 

Quartz , 25. 28 

Potash  feldspars  (microcline  11.03,  orthoclase  0.26) 20. 29 

Biotite  (black  mica) 5. 90 

White  mica 1. 53 

Magnetite 1. 16 

Pyrite 05 

AUanite  and  apatite 1. 31 

100.00 

The  average  diameter  of  the  particles,  obtained  by  the  apphcation 
of  tlie  same  method  to  three  Westerly  blue  granites,  is  0.0099  inch, 
or  about  50  })er  cent  larger  than  that  of  the  statua^3^ 

An  estiniat(^  of  the  mineral  percentages  in  red  Westerly  granite 
will  be  found  on  page  200. 

"  As  iM-.irint:  np'^'^  otlxT  mctlHuls  <»f  Tiuikinp  such  <'stiin}it<'s  of  tho  minoral  percpntagps  in  Wt^sU'riy 
frmiiitt's  sec  Williams,  I.  A..  Vho  (•()ii]j)Mrativ('  accuracy  ol  the  iiK^thods  for  detcrrnining  tho  percentages 
ot  tho  sevoriil  coiupoiicnts  of  an  igneous  rcK'k:  Am.  Gcol.,  vol.  33,  Jan.,  1905,  pp.  34-46. 
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Kemp  ^  gives  two  analyses  of  Westerly  granite  made  by  F.  W. 
Love,  then  of  Cornell  University,  which  are  repeated  here  for  refer- 
ence. 

Analyses  of  Westerly  granites  by  F.  W.  Love. 


Gray  Red 

granite,     granite. 


SiOj  (silica) 

AlsOs  (aiumina) , 

FesO^  (iron  sesquioxide) 

FeO  (iron  oxide) 

MnO  (manganese  oxide) 

CaO  (lime) 

NaiO  (soda) 

KiO  (potasii) 

HjO  (water) 


Percent. 
71.64 
15.66 

[      2.34 

Trace. 
2.70 
L578 
5.60 
.482 


Per  cent. 
7a  05 
14.53 

2.90 

Trace. 
2.06 
1.72 
5.39 
.29 


100.000 


loaoo 


Kemp  gives  2.654  as  the  specific  gravity  of  the  gray  analyzed. 

Messrs.  Sullivan  and  Schaller,  chemists,  of  the  United  States  Geo- 
logical Survey,  find  that  5  specimens  of  Westerly  granites  contain 
the  following  percentages  of  CaO  flime)  soluble  in  hot  dilute  acetic 
acid,  which  indicate  the  presence  of  the  percentages  of  CaCOg  (lime 
carbonate)  shown  in  the  second  column.  All  these  granites  effer- 
vesce slightly  with  cold  dilute  muriatic  acid. 

Lime  and  lime  carbonate  in  Westerly  granite. 


Name  of  granite. 


White  statuary 
Blue  Westerly  . 
Red  Westerly . 


CaO.        CaCOi. 


0.34 
.176 
.25 


0.6 
.312 
.446 


The  ^'wliite,^'  really  buff  to  slightly  pinkish  gray,  and  the  ''blue," 
really  bluish  gray.  Westerly  granites  are  strictly  monumental  gran- 
ites, but  the  former  may  be  called  a  statuary  granite,  as  it  lends  itself 
to  the  most  delicate  carvings.  The  fineness  of  its  texture  becomes 
more  apparent  in  comparing  it  with  that  of  statuary  marbles.  Vogt 
classifies  European  marbles  by  texture  in  five  groups:^  Extremely 
fine,  in  which  the  particles  measure  from  0.02  to  0.03  millimeter; 
very  fine  (Carrara  ordinary),  from  0.1  to  0.3  millimeter;  moderately 
fine  (Carrara  statuary),  from  0.25  to  0.75  millimeter;  somewhat 
coarse,  from  0.75  to  2  millimeters,  and  moderately  coarse,  from  1  to  3 
millimeters.  West  Rutland,  Vt.,  statuary  marble  measures  from 
0.07  to  0.3  millimeter,  averaging  0.15  by  micrometer.^  As  the 
Westerly  statuary  granite  averages  by  the  Rosiwal  method  0.175 
millimeter,  and  its  coarse  particles  by  micrometer  from  0.39  to  1.122 

a  Kemp,  J.  P.,  Granites  of  southern  Rhode  Island  and  Connecticut,  with  observations  on  Atlantic  coast 
granites  in  general:  Bull.  Geol.  Soc.  America,  vol.  10, 1899,  p.  375. 

b  Vogt,  J.  H.  L.,  Der  Marmor,  seine  Geologic,  Struktur,  und  seine  mechanische  Eigenschaften:  Zeitsch. 
prakt.  Geol..  1S98.  p.  12. 

cBull.  U.  S.  Geol.  Survey  No.  195. 1902.  p.  14. 

50193— Bull.  354—08 13 
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millimeters,  its  texture  is  but  a  trifle  coarser  than  West  Rutland 
statuary  marble  and  between  Carrara  statuary  and  Vogt's  ''some- 
what coarse''  grade.  It  takes  a  high  polish  and  its  hammered  sur- 
face is  Ught,  offering,  as  quartz  monzonites  generally  do,  a  marked 
contrast  of  shade  to  the  polished  surface. 

Although  ''blue  Westerly"  granite  is  50  per  cent  coarser  in  texture 
than  the  "white  Westerly  statuary"  it  lends  itself  well  to  monu- 
mental and  sculptural  work,  as  is  shown  by  PL  IX,  B.  Its  polish  is 
not  quite  so  high  as  that  of  the  "white,"  owing  to  the  larger  size  of  its 
mica  scales,  but  its  contrast  of  shade  is  equally  strong. 

"Red  Westerly"  granite  is  used  only  for  constructional  purposes. 

TTie  Westerly  quarries. — The  New  England  quarry  is  nine-tenths  of 
a  mile  southeast  of  the  Westerly  station  and  100  feet  above  it.  (See 
fig.  24.)  Operator,  The  New  England  Granite  Works,  Westerly, 
R.I. 

The  granite  is  of  two  varieties:  The  first  (specimens  D,  XXV ill, 
1,  f,  i),  "white  Westerly  statuary,"  is  a  quartz  monzonite  of  very 
slightly  pinkish  medium-gray  color,  and  of  very  fine  even-grained 
texture,  with  very  slender  feldspars  not  over  0.1  inch  long  and 
slender  mica  scales  rarely  0.1  or  0.15  inch  long.  The  average 
diameter  of  all  its  particles,  including  the  magnetite,  as  determined 
by  the  Rosiwal  method,  is  0.0069  inch  or  0.175  millimeter,  as 
given  on  page  192.  Its  constituents,  in  descending  order  of  abun- 
dance are:  Pale  smoky  quartz  with  hairlike  crystals  of  rutile  and 
a  few  cavities;  clear  colorless  to  milk-white  soda-lime  feldspar  (oligo- 
clase-albite  to  oligoclase),  partly  kaolinized  and  micacized;  in  almost 
equal  amount,  sUghtly  pinkish  or  cream-colored  potash  feldspar 
(microcline  and  orthoclase),  some  of  it  intergrown  with  quartz  cir- 
cular in  cross  section;  biotite  (black  mica),  some  of  it  chloritized  and 
interleaved  with  white  mica  or  else  partially  bleached;  some  separate 
muscovite  may  be  present  also.  Accessory  minerals  are:  Magnetite 
(ilmenite?),  titanite,  pyrite,  allanite,  apatite,  zircon,  and  rutile. 
Secondary:  Kaolin,  one  or  two  white  micas,  chlorite,  and  carbonate. 

On  the  west  side  of  a  pegmatite  dike  referred  to  on  page  196  this 
granite  is  decidedly  pinkish,  strictly  a  medium  pinkish  gray,  owing, 
apparently,  to  hematitic  stain  in  the  kaolinized  oligoclase.  Some  of 
the  microcline  is  also  kaolinized  and  micacized  (specimen  D,  XXVIII, 
l,e).  _ 

Estimates  of  mineral  percentages  in  this  stone  have  been  given 
on  page  192. 

^fr.  W.  T.  Schaller,  chemist,  of  the  United  States  Geological  Survey, 
fijids  that  it  contains  0.34  per  cent  of  CaO  Gime)  soluble  in  hot  dihite 
acetic  acid,  which  indicates  a  content  of  0.6  per  cent  CaC03(lime  car- 
bonate), tlie  presence  of  wliich  carbonate  is  showTi  by  the  microscope 
and  bv  a  slight  c^fTervescence  with  cold  dilute  muriatic  acid. 
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A  compression  test  made  for  the  firm  at  the  United  States  Arsenal 
at  Watertown,  Mass.,  in  1907,  with  a  cube  of  about  2-inch  face, 
gave  this  granite  an  ultimate  compressive  strength  of  39,750  pounds 
per  square  inch.  The  direction  of  rift  or  grain  with  reference  to 
pressure  was  not  noted. 

The  sculptural  qualities  of  this  stone  have  already  been  dwelt  upon. 
The  great  fineness  of  its  particles  contributes  to  its  high  polish.  The 
polished  face  shows  minute  particles  of  magnetite  and  a  few  of  pyrite. 
It  hammers  light  gray  and  the  contrast  between  this  and  the  shade  of 
the  poUshed  face  is  somewhat  marked. 

The  second  variety  (specimens  D,  XXVIII,  1,  c,  cc),  '^old  blue 
Westeriy,''  is  a  quartz  monzonite  of  very  slightly  bluish  medium-gray 
color  with  fine  black  particles.  Its  texture  is  even  grained  fine,  with 
feldspars  up  to  0.2  inch  and  mica  to  0.15  inch.  Its  constituents,  in 
descending  order  of  abundance,  are:  Clear  to  milk-white  or  pinkish 
soda-lime  feldspar  (oligoclase-albite  to  oligoclase),  much  of  it  kaolin- 
ized  and  micacized;  pale  smoky  quartz  with  a  few  needle-like  crys- 
tals, probably  of  rutile,  and  with  cavities  in  sheets;  clear  to  blue- 
greenish  and  grayish  potash  feldspar  (orthoclase  and  microcline), 
intergrown  with  quartz,  circular  in  cross  section,  and  slightly  mica- 
cized; biotite  (black  mica),  some  of  it  chloritized,  and  with* needle- 
like crystals  of  rutile  (?);  muscovite  or  bleached  biotite.  Accessory: 
Magnetite  (ilmenite?),  pyrite,  apatite,  allanite,  zircon,  and  rutile. 
Secondary:  Kaolin,  two  white  micas,  chlorite,  carbonate,  and  rarely 
hematite  and  epidote. 

An  estimate  of  the  mineral  percentages,  obtained  by  applying  the 
Rosiwal  method  to  a  camera  lucida  drawing  of  part  of  a  thin  section 
enlarged  40  diameters,  yields  the  following  results  with  a  mesh  of 
1.7  inches,  and  total  linear  length  of  42  inches. 

Estimated  mineral  percentages  in  ^'blue  Westerly''  granite  from  the  quarry  of  the  New 

England  Granite  Works. 

Quartz 21.15 

Soda-lime  feldspar  (oligoclase-albite  to  oligoclase ) 52. 64 

Potash  feldspars  (microcline  4. 14,  orthoclase  10.51 ) 14. 65 

Biotite  (black  mica) 5. 52 

White  mica 3 .  05 

Magnetite 1. 71 

Allanite 1.28 

100.00 

No  great  value  need  to  be  attached  to  the  figures  for  allanite,  as  a 
shifting  of  the  mesh  would  have  thro^vn  it  out  altogether. 

The  average  diameter  of  the  particles  obtained  by  the  same  method 
is  0.0112  mch. 

Mr.  E.  C.  Sullivan,  chemist,  of  the  United  States  Geological  Survey, 
finds  that  this  stone  contains  0.20  per  cent  of  CaO  (lime)  soluble  in  hot 
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dilute  acetic  acid  which  indicates  a  content  of  0.35  per  cent  of  CaCO, 
flime  carbonate),  the  presence  of  which  carbonate  is  also  shown  by 
the  microscope  and  by  a  very  sUght  effervescence  with  cold  dilute 
muriatic  acid. 

A  compression  test  made  for  the  firm  at  the  United  States  Arsenal 
at  Watertown,  Mass.,  in  1907,  with  a  cube  of  about  2-inch  face,  gave 
it  an  ultimate  compressive  strength  of  31,970  pounds  per  square  inch. 
The  direction  of  rift  or  grain  with  reference  to  pressure  was  not  noted. 

This  stone  takes  a  high  polish,  but  the  mica  scales,  being  a  little 
larger  than  in  the  ^^  white  statuary,"  show  more  on  the  surface.  The 
polished  face  shows  not  a  httle  magnetite  in  fine  particles,  with  rare 
grains  of  pyrite.  The  combination  of  a  slightly  bluish  with  a  sUghtly 
pinkish  feldspar,  both  in  fine  particles,  results  in  a  pecuHar  gray  in  the 
polished  face.  The  hammered  face  is  light  gray  and  in  contrast  to 
the  shade  of  the  polished  surface. 

The  quarry,  opened  about  1860,  measures  about  300  feet  in  a  west- 
northwest  direction  by  200  feet  north-northeast,  and  from  40  to  80 
feet  in  depth.  Within  20  feet  west-northwest  of  it  is  another  opening, 
not  used  in  1906,  of  about  the  same  size,  which  it  was  proposed  to 
unite  with  the  main  opening  so  as  to  obtain  a  working  face  600  feet 
long. 

The  sheets,  from  6  inches  to  12  feet  thick,  are  horizontal  but  some- 
what irregular,  owing  to  incomplete  development,  *' growing  on." 
There  are  two  sets  of  joints:  Set  A,  striking  N.  15°-25°  E.  and  ver- 
tical, is  spaced  8  inches  to  30  feet,  and  forms  a  heading  15  to  20  feet 
wide  on  the  west  side,  separating  it  from  the  older  excavation,  and 
another  5  to  10  feet  wide  on  the  east  side,  which  divides  this  from  the 
adjacent  Smith  quarry.  Set  B,  striking  N.  50°-55°  W.  and  ver- 
tical, is  spaced  18  inches  to  30  feet.  The  rift  is  reported  as  horizontal 
and  the  grain  as  vertical  with  N.  65°  W.  course.  There  is  a  2-inch 
pegmatite  dike  striking  N.  37°  E.  and  dipping  75°  E.,  consisting  of 
pink  potash  feldspar,  amethystine  quartz  and  muscovite;  the  feld- 
spar is  partly  altered  to  light-green  epidote.  Pegmatite  dikes  also 
traverse  the  heading  on  the  west  side.  Rusty  stain  is  from  1  to  7 
inches  thick  on  the  sheet  surfaces.  There  is  much  kaolinization  of 
feldspar  and  limonite  stain  adjacent  to  the  pegmatite  dikes.  On  the 
south-southwest  wall  the  granite  is  in  contact  \nth  a  southerly- 
inclined  overhanging  mass  of  dark  biotite  gneiss  with  a  vertical  folia- 
tion. This  is  also  crossed  by  pegmatite  dikes.  The  line  of  contact 
between  granite  and  gneiss  is  jagged  in  places.  The  relations  on  the 
north  wall  are  now  largely  concealed  by  dumps,  but  their  character 
is  well  exposed  in  the  adjoining  Smith  quarr}^  and  they  are  described 
on  page  198.  The  structural  relations  of  the  pinkish-gray  and  bluish- 
gray  granite  to  one  another  are  not  clear.  At  one  point  on  the 
soutli-southwest  wall  the  former  seems  to  underlie  the  latter  and 


BHODE  ISLAND.  197 

there  seem  to  be  also  lateral  changes  in  the  color  of  both  near  the  dike 
which  are  possibly  caused  by  it.  The  width  of  the  granite  from 
north-northeast  to  south-southwest  does  not  exceed  150  feet  meas- 
ured at  right  angles  to  dip. 

The  plant  includes  6  derricks,  3  hoisting  engines,  3  engines  for 
hoisting  and  general  work,  a  10-ton  locomotive  crane,  a  small  loco- 
motive, 3  air  compressors  (capacity  540,250,125  cubic  feet  of  air  per 
minute),  3  large  drills,  8  air-plug  drills,  40  air-hand  tools,  4  surfacers, 
2  saws  for  stones  13  feet  long,  4  lathes  for  stones  3  to  6  feet  long, 
7  polishers,  a  polisher  for  moldings,  2  polishing  lathes  for  stones  4 
feet  long,  2  stone  borers,  and  3  steam  pumps. 

Transportation  is  by  a  siding  from  the  New  York,  New  Haven  and 
Hartford  Railroad.     (See  map,  fig.  24.) 

Ninety-eight  per  cent  of  the  product  is  used  in  monumental  work, 
the  rest,  "old  blue,''  only  in  buildings,  and  the  waste  for  paving; 
particularly,  small  blocks  for  electric  roads.  Specimen  monuments: 
National  monument,  Gettysburg,  Pa.;  Antietam  monument,  Mary- 
land. The  Home  monument,  with  a  7  foot  6  inch  figure  of  the  stat- 
uary granite,  Homewood  Cemetery,  Pittsburg,  Pa.  PI.  IX,  B, 
shows  UUes  and  passion  flowers  on  the  base  of  a  recently  finished 
cross  of  the  '^blue"  stone.  Specimen  buildings  of  the ''blue'':  Con- 
necticut Mutual  Insurance  Building,  Hartford;  Mutual  Life  Insur- 
ance Building,  Philadelphia. 

The  Smith  qiiarry  adjoins  on  the  east  the  one  just  described,  and  is 
about  nine-tentlis  of  a  mile  southeast  of  Westerly  station  and  100  feet 
above  it.  (See  fig.  24.)  Operator,  The  Smith  Granite  Company, 
Westerly,  R.  I. 

The  granite  consists  of  the  identical  two  varieties,  ''Westerly 
white  statuary"  and  "Westerly  blue,"  already  described  from  the 
New  England  quarry.  Both  are  quartz  monzonites;  the  first,  a 
slightly  pinkish  medium  gray  of  even-grained  very  fine  texture;  the 
second,  a  slightly  bluish  medium  gray  of  even-grained  fine  texture. 
(For  full  descriptions  see  pp.  194,  195.) 

The  quarr}%  first  opened  in  1846,  consists  of  two  openings.  The 
"New  East  quarr}',^  separated  from  the  New  England  quarry  only 
by  a  heading,  is  250  feet  east-southeast  by  200  feet  across  and  65  feet 
deep;  the  other,  older  one,  contiguous  to  the  last  on  the  east,  is  about 
400  feet  east  southeast  by  125  feet  across  and  150  feet  deep. 

The  sheets  in  the  upper  25  feet  are  from  2  inches  to  2  feet  thick, 
and  below  that  from  9  inches  to  5  feet  thick,  and  all  horizontal. 
There  is  only  one  set  of  joints,  which  strikes  N.  20°-22°  E.,  is  spaced 
100  to  300  feet,  and  forms  a  50-foot  heading  between  the  two  open- 
ings, and  a  5  to  10  foot  one  between  the  western  opening  and  the  New 
England  quarry.  The  rift  is  reported  as  horizontal  and  the  grain  as 
vertical,  with  a  N.  65°  W.  course.     The  apparent  relations  of  the 
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granite  are  shown  in  fig.  25.  On  the  south-southwest  the  granite  is 
overlain  by  a  mass  of  dark-gray  banded  biotite-homblende  gneiss  of 
somewhat  fine  texture,  '* black  horse,"  which  strikes  N.  30°  W.  and 
dips  45°  SSW.  The  rock  contains  much  soda-lime  feldspar  (oligo- 
clase-andesine  to  andesine),  but  no  microcline.  On  the  north-north- 
east the  granite  is  apparently  underlain  at  45°  by  a  mass  of  granite 
(quartz  monzonite)  of  more  or  less  pinkish-gray  color  and  of  some- 
what fine  texture  ^ith  a  variable  amount  of  black  mica,  so  as  in 
places  to  resemble  an  aplite.  It  is  also  marked  in  places  by  dark 
brownish  stains,  one-quarter  inch  in  diameter  and  aja  inch  or  so  apart, 
which  are  due  to  the  alteration  of  allanite  particles  into  hematite  and 
limonite.  This  rock  contains  many  angular  inclusions,  large  and 
small,  of  a  somewhat  finely  banded  biotite  gneiss  which  itself  contains 
lenses  and  dikes  of  pegmatite  parallel  to  its  schistosity  and  evidently 
formed  before  the  intrusion  of  the  quartz  monzonite.  The  north- 
ward extent  of  this  mass  has  not  yet  been  determined.  The  foreman 
states  that  the  "blue  granite''  at  the  bottom  of  the  larger  opening 
contained  an  inclusion  10  feet  in  diameter  Hke  the  inclusions  of  gneiss 

above  described.     In  this  open- 
"N^  ^^^-     ing  about  40  feet  of  blue  in- 

Aplit*  with  inclusioni  .  -i        .  .-,  ■,      . 

of  biotite  gn»«     Gr«n;t»   g^g*  «"*** tcrvcnc  betwecn  the  overlying 

gneiss  and  the  white  statuary", 
as  shown  in  fig.  25,  but  in  the 
FiQ.  25.-structuro  at  the  Smith  quarry,  Westerly,    Smaller  Opening  these  relations 
R.  I.,  looking  east-southeast.  are  reversed.     The  entire  width 

of  the  mass  of  blue  and  white 
granite  appears  to  be  between  80  and  100  feet,  measured  at  right 
angles  to  its  inclination.  There  can  be  no  question  as  to  the  exten- 
sion of  these  granites  below,  but  whether  they  continue  downward  at 
the  same  angle  or  widen  out  horizontally  under  the  gneiss  mass  on 
the  south  can  only  be  determined  by  core-drilUng.  The  heading 
which  separates  the  two  openings  is  much  broken  by  sub  joints  paral- 
lel to  it.  For  a  thickness  of  8  feet  on  the  west  it  is  altered  to  a  dull 
greenish-reddish  color.  In  tliin  section  this  shows  the  feldspars 
kaolinized,  micacized,  and  chloritized,  most  of  the  biotite  bleached, 
the  magnetite  passing  into  hematite  and  the  pyrite  into  Umonite. 
As  its  soda-lime  feldspar  is  oligoclase-andesine,  diflFering  from  that 
of  the  adjacent  granite,  this  heading  may  be  a  transverse  granite  dike. 
The  plant  comprises  8  derricks  (one  with  a  capacity  of  50  tons\, 
8  hoisting  engines,  an  engine  for  general  work,  2  air  compressors 
(capacity,  400  and  150  cubic  feet  of  air  per  minute),  3  large  air  drills. 
2  air  plug  drills,  27  air  hand  tools,  2  surfaeers,  a  MacDonald  surfacer, 
2  stone  lathes  for  stones  19  by  5  feet  and  5  feet  by  15  inches,  a  hori- 
zontal polisher,  5  vertical  polishers,  2  polisliing  lathes,  and  2  steam 
pumps. 
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Transportation  is  by  a  siding  from  the  New  York,  New  Haven  and 
Hartford  Railroad,  but  paving  stones  are  carted  one-third  mile  to 
wharf  on  Pawcatuck  River. 

The  product  is  nearly  all  used  for  monuments;  the  waste  goes  into 
paving  blocks  of  various  sizes.  Specimen  monuments:  Equestrian 
statue  of  Washington  erected  by  the  United  Order  of  American 
Mechanics  at  Allegheny,  Pa..;  Roger  Williams  monument  at  Roger 
Williams  Park,  Providence,  R.  I.;  First  Massachusetts  Volunteer 
Infantry  monument,  Gettysburg,  Pa. ;  Ohio  State  monument,  Vicks- 
burg,  Miss.;  Jay  Gould  mausoleum,  Woodlawn  Cemetery,  New  York; 
J.  G.  Fair  mausoleum,  San  Francisco. 

The  Catto  quarry  is  about  a  mile  east-southeast  of  Westerly  station, 
60  feet  above  it,  and  one-half  mile  northeast  of  the  Smith  and  New 
England  quarries.     (See  fig. 
24.)     Operator,  Catto  Gran- 
ite Company,  Westerly,  R.  I. 

The  granite  (specimen  D, 
XXVIII,  9,  a),  ^^blue 
Westerly,^'  is  a  quarts^ 
monzonite  of  very  sUghtly 
bluish  medium -gray  color 
with  fine  black  particles. 
It  is  a  trifle  more  bluish  than 
that  of  the  New  England 
quarry.  Its  texture  is  fine 
with  feldspar  and  mica  up 
to  0.1  inch,  the  former  excep- 
tionally 0.16  inch.  It  is  thus 
XXVIII,   1,  c,  cc  (p.  195) 


Fig.  26.— Diagram  of  east  face  of  Catto  quarry,  Westerly, 
R.  I.,  showing  granite  overlain  by  a  mass  of  biotite 
gneiss,  each  with  its  own  sheet  structure.  Length,  65 
feet;  height  above  quarry  water,  50  feet. 


a  trifle  finer  than  specimens  D, 
As  its  constituents  are  identical  with 
those  of  that  granite,  they  are  not  repeated  here. 

The  quarry,  opened  before  1886,  is  about  350  feet  east-west  by  200 
feet  across  and  from  75  to  100  feet  in  depth. 

The  sheets,  from  6  inches  to  10  feet  thick,  dip  north  at  a  low  angle. 
But  one  set  of  joints  occurs.  This  strikes  N.  22°  W.,  is  vertical, 
spaced  3  to  50  feet,  and  is  discontinuous  below.  The  rift  is  reported 
as  horizontal,  and  the  grain  as  scarcely  perceptible.  Rusty  stain 
measures  up  to  an  inch  tlxick  on  sheet  surfaces.  The  east  face  of 
quarry  shows  the  relations  of  the  granite  to  overlying  banded  gneiss. 
(See  fig.  26.)  This  strip  of  gneiss  extends  the  entire  width  of  the 
quarry,  with  a  foHation  striking  N.  65°  W.  and  dipping  65°  NNW. 
As  the  granite  crops  out  in  places  above  the  gneiss  this  may  be  a  very 
large  inclusion,  but  probably  from  inunediately  under  the  original 
capping.  The  gneiss  was  so  broken  up  here  that  hand  specimens, 
half  granite  and  half  gneiss,  with  granite  cutting  the  gneiss  foUation 
can  be  readily  obtained.     The  gneiss  is  rather  fine  grained  and  con- 
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sists  of  dark-gray  very  biotitic  bands,  0.1  to  0.3  inch  wide,  alter- 
nating with  light-gray  bands  with  little  biotite  and  with  very  light 
ones  without  any.  The  dominant  feldspar  is  oUgoclase.  There  is 
no  microcUne. 

The  plant  consists  of  3  derricks,  3  hoisting  engines,  2  steam  drills, 
and  3  steam  pumps. 

Transportation  is  by  a  siding  from  the  quarry  to  the  main  siding  of 
New  York,  New  Haven  and  Hartford  Railroad. 

In  1906  the  firm  was  fiUing  a  contract  for  500,000  paving  blocks 
for  Jersey  City. 

The  Redstone  quarry  is  less  than  1 J  miles  east-northeast  of  Westerly 
station,  at  the  east  foot  of  an  east-west  ridge,  one-fourth  mile  north 
of  the  New  York,  New  Haven  and  Hartford  Railroad.  (See  fig.  24.) 
Operator,  the  New  England  Granite  Works,  Westerly,  R.  I. 

The  chief  granite  of  this  quarry  (specimens  D,  XXVIII,  2,  b,  h), 
'^red  Westerly,"  is  a  biotite  granite  of  reddish-gray  color  speckled 
with  black.  Its  texture  is  even  grained,  medium,  inchning  to  coarse, 
with  feldspars  under  0.4  inch,  exceptionally  0.5  inch,  and  mica  to  0.2 
inch.  Its  constituents,  in  descending  order  of  abundance,  are:  Red- 
dish potash  feldspar  (microcline  and  orthoclase),  some  of  it  sUghtly 
micacized,  intergrown  with  quartz  in  vermicular  structure,  in  places 
also  with  soda-Ume  feldspar;  smoky  quartz  with  hairhke  crystals, 
probably  of  rutile,  also  with  cavities  in  sheets  with  rift  cracks  parallel 
to  them;  cream-colored  striated  soda-Ume  feldspar  (oligoclase- 
albite),  kaolinized  and  micacized,  and  intergrown  with  quartz  Uke 
the  other;  and  biotite  (black  mica),  some  of  it  bleached.  Accessory: 
Magnetite,  pyrite,  apatite,  zircon,  and  rutile.  Secondary:  Kaolin, 
two  white  micas,  hematite  stain  from  magnetite  particles,  in  places 
reddening  both  feldspars,  and  calcite. 

An  estimate  of  the  mineral  percentages  by  the  Rosiwal  method 
yields  the  following  results  with  a  mesh  of  one-half  inch  and  total 
linear  length  of  33 J  inches: 

Eslimated  viineral  percentages  in  ^'red  Westerly"  granite  jrcym  the  Redstone  quarry. 

Potash  feldspar  (mirrocline  and  orthoclase) 35. 40 

Quartz 29. 87 

Soda-lime  feldspar  (oligoclase-albite) 28. 35 

Biotite  (black  mica) 6.  74 

(Both  feldt^pars,  Gli.  39. )  

100.00 

An  analysis  of  this  granite  ])y  Love  has  been  given  on  page  193. 

Mr.  W.  T.  Schallcr,  chemist,  of  the  United  States  Geological  Survey, 
finds  that  it  contains  0,25  per  cent  of  CaO  (lime)  soluble  in  hot  dilute 
acetic  acid,  which  indicates  a  content  of  0.446  per  cent  of  CaCOj 
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A.     OVOIDAL  BLOCK  OF  FINE  STATUARY  GRANITE  (QUARTZ  MONZONITE^.  PRODUCED  BY 
WEATHERING  WITHIN  A  HEADING  AT  REDSTONE  QUARRY.  WESTERLY.  R.  I. 

Hammer  20i  inches  long. 


n.     GRANITE  QUARRY  AT  WEST  FOOT  OF  BLACK  MOUNTAIN,  WEST  DUMMERSTON.  VT. 

Showing  tnin  sheets  formed  after  opf>n  ng  of  auarrv  anjj  parttd  by  a  comp'evjvo  strain  operating  about  r.ortn  ar.d 
Si5uth      Hammer  about  30  inches  long;   ht-jid  b  inches  lung. 
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(lime  carbonate),  the  presence  of  which  carbonate  is  shown  by  the 
microscope  and  also  by  a  slight  efTervescence  with  cold  dilute  muri- 
atic acid. 

A  compression  test  made  for  the  firm  at  the  United  States  arsenal  at 
Watertown,  Mass.,  in  1907,  with  a  cube  of  about  2-inch  face,  showed 
the  first  crack  with  106,000  poimds  and  final  fracture  with  113,000 
pounds,  indicating  an  ultimate  compressive  strength  of  28,540 
pounds  per  square  inch.  The  direction  of  rift  or  grain  with  reference 
to  pressure  was  not  noted. 

The  contrasts  between  the  colors  of  the  two  feldspars  come  out 
strongly  on  the  polished  face  which  shows  considerable  magnetite 
and  some  pyrite.  The  size  of  the  mica  plate  is  not  favorable  to  the 
durability  of  the  polish  in  long-continued  outdoor  exposure.  It  is 
a  constructional  granite  of  warm  tint. 

The  quarry,  opened  in  1880,  measures  about  850  feet,  north- 
south  by  250  feet  east-west  with  a  working  face  100  feet  high  on 
west. 

The  sheets,  from  1  to  20  feet  thick,  are  somewhat  irregular.  In 
the  upper  part  most  of  them  dip  10°  about  west-northwest,  a  few 
are  horizontal,  but  lower  down  all  are  so.  At  the  south  end  the 
sheets  are  intersected  by  sharply  curved  partings  (*Hoe  nails''). 
There  are  inclusions  of  finely  banded  biotite  gneiss  resembling  the 
capping  at  the  Smith  and  Catto  quarries.  The  rift  is  reported  as 
horizontal  and  the  grain  as  fairly  defined  and  vertical  with  a  N.  20°  E. 
course.  There  is  but  one  set  of  joints,  and  that  strikes  N.  35°  E., 
dips  70°  S.  35°  E.  to  90°,  is  spaced  15  to  50  feet,  and  forms  a  heading 
in  the  center  of  the  quarry  and  a  heading  at  extreme  north  end 
which  is  40  feet  wide.  A  dike  5  to  10  feet  thick  runs  the  whole 
length  of  the  quarry,  with  a  dip  of  10°  S.,  consisting  of  alternating 
reddish  aplite  and  coarse  pegmatite  (reddish  feldspar,  smoky  quartz, 
and  biotite),  some  of  the  surfaces  of  which  are  coated  with  iridescent 
drusy  hematite.  Beneath  this  almost  horizontal  dike  is  a  mass  of 
imknown  extent  of  fine  pinkish-gray  statuary  granite  (quartz 
monzonite)  like  that  at  Smith  and  New  England  quarries  described 
on  page  194.  Tliis  reaches  the  surface  at  the  north  end  of  quarry, 
but  excavations  at  the  south  end  will  not  expose  it  until  1908.  The 
ovoidal  mass,  shown  in  PI.  VIII,  A,  and  described  on  page  58,  came 
from  the  40-foot  heading  which  crosses  this  quartz  monzonite  at 
the  north  end  of  quarry.  Near  the  center  is  a  meandering  vertical 
dike,  6  inches  thick,  of  porphyritic  olivine  diabase,  striking  N.  45°  E., 
probably  of  Triassic  age.  The  dike  rock  is  almost  black  with  de- 
composing greenish  crystals  up  to  one -half  inch  long  and  with 
less  abundant  minute  black  crystals.  It  is  incrusted  with  fibrous 
calcite  and  generally  is  slightly  calcareous.  In  thin  section  the 
groundmass  is  of  minute  soda-lime  feldspar  crystals  altered  to  white 
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mica,  a  little  black  mica,  and  magnetite.  The  large  greenish  ciystals 
are  olivine  altered  to  serpentine  and  epidote  and  veined  with  calcite. 
The  black  ones  are  augite.  The  rock  has  imdergone  alteration  and 
weathering  but  not  metamorphism.  Ten  feet  west  of  this  dike  is  a 
vertical  meandering  mass  of  coarse  biotite  schist  about  6  inches 
thick,  striking  about  northeast  with  foliation  parallel  to  its  course. 
In  thin  section  this  consists  of  biotite,  muscovite,  quartz,  an  opaque 
cream-colored  mineral  (probably  kaolinized  feldspar),  calcite,  and 
magnetite.  This  is  probably  a  basic  segregation  or  *'knof  elongated 
in  the  direction  of  the  flow.  Rust  stain  on  the  sheet  surfaces  is  up 
to  3,  rarely  4,  inches  thick.  A  thin  section  of  it  shows  both  feld- 
spars stained  with  limonite.  It  follows  irregular  cracks  in  the 
microcline  and  the  quartz,  as  well  as  the  boundaries  betw^een 
them.  It  proceeds  in  some  cases  clearly  from  the  larger  grains  of 
magnetite  and  from  biotite  scales. 

The  plant  consists  of  4  derricks,  3  hoisting  engines,  2  air  com- 
pressors (capacity  750  and  500  cubic  feet  of  air  per  minute),  2  large 
drills,  25  air  plug  drills,  2  surfacers,  and  2  steam  pumps. 

Transportation  is  effected  by  a  siding  from  the  New  York,  New 
Haven,  and  Hartford  Railroad  not  shown  on  fig.  24. 

The  product  is  used  entirely  for  buildings.  Specimens:  Wash- 
ington Life  Insurance,  American  Exchange,  American  Tract  Society, 
and  Travelers  Insurance  Company  buildings  in  New  York. 

The  Smith  North  quarry  is  a  mile  N.  60°  E.  from  the  Westerly 
station,  120  feet  above  it,  in  a  saddle*  on  the  east-west  ridge  north  of 
the  railroad.  (See  fig.  24.)  Operator,  The  Smith  Granite  Com- 
pany, Westerly,  R.  I. 

The  granite  is  of  two  sorts,  '^red  Westerly,''  a  medium-grained 
biotite  granite  of  reddish-gray  color  identical  with  that  of  the  Red- 
stone quarry  (specimens  D,  XXVIII,  2,  b,  h),  described  on  page  200, 
and  ^^pink  Westerly"  (specimen  D,  XXVIII,  4,  a),  which  is  a  quartz 
monzonite  of  medium  buff-gray  color  and  of  very  fine  even-grained 
texture,  with  feldspars  mostly  up  to  0.057  inch,  exceptionally  0.1 
inch,  and  mica  to  0.028,  exceptionally  0.15  inch.  It  is  identical 
in  composition  with  the  '^wliite  Westerly  statuary,''  described  on 
page  194,  but  is  of  more  pinkish  tint.  Its  soda-lime  feldspar  is  oligo- 
clase. 

The  quarry,  opened  before  1892,  is  about  200  feet  east-west  by 
150  feet  across,  witli  a  workin^^  face  75  feet  liigh  on  the  west  and 
25  feet  on  the  east. 

The  slieets,  from  (>  inches  to  10  feet  tliick,  are  lenticular,  but  very 
irret^iilar  and  without  nnifonn  dip.  The  only  set  of  joints  strikes 
X.  10°  E.,  is  vertical  or  nearly  so,  and  is  spaced  20  to  40  feet.  The 
rift  is  reported  as  (lipj)in<j^  10°  wS.  and  the  grain  75°  N.  Sixty  feet 
of  the  fine  granite  overlie  the  '^red,"  the  plane  of  their  contact  dip- 
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ping  40°-50°  about  south.  At  the  top  of  the  working  face  a  pegma- 
tite dike  10  feet  thick  dips  45°  S.  Rusty  stain  is  only  2  inches  thick 
on  sheet  faces. 

The  plant  consists  of  3  derricks,  3  hoisting  engines,  a  steam  drill, 
and  3  steam  pump3. 

Transportation  is  by  cartage  of  one-fourth  mile  to  New  York.  New 
Haven  and  Hartford  Railroad.  The  cutting  of  the  fine  stone  is  done 
at  the  company's  sheds  at  Westeriy. 

The  product,  thus  far,  has  consisted  mostly  of  the  pink  statuary, 
the  underiying  constructional  granite  not  being  yet  much  exposed. 

The  Colder  <&  Camie  quarry  is  nine-tenths  mile  N.  50°  E.  from  the 
Westeriy  station,  and  160  feet  above  it,  on  the  western  hump  of  the 
ridge  north  of  railroad.  (See  fig.  24.)  Operator,  Calder  &  Carnie 
Westerly  Granite  Company,  Westerly,  R.  I. 

The  granite  (specimen  D,  XXVIII,  8,  a),  '^  Westerly  pink  statu- 
ary,''  is  a  quartz  monzonite  of  medium  pinkish-buff  gray  color, 
more  pinkish  than  any  of  the  other  fine  Westerly  granites  excepting 
specimen  I,  e,  from  next  to  the  pegmatite  dike  in  the  New  England 
quarry.  Its  texture  is  even  grained,  very  fine,  with  feldspars  not 
over  0.1  inch  and  mica  still  less.  Its  constituents  are  the  same  as 
those  of  the  fine  stone  from  the  Smith  north  quarry,  but  with  a 
little  more  hematite  stain.  The  thin  section  shows  carbonate,  and 
the  stone  effervesces  slightly  with  dilute  muriatic  acid.  The  quarry 
also  yields  the  *'red''  constructional  granite  described  on  page  200. 

The  quarry,  first  opened  in  1882  and  recently  reopened,  is  about 
400  by  250  feet  and  90  feet  deep. 

The  sheets,  from  6  inches  to  8  feet  tliick,  are  horizontal  and  irreg- 
ular. There  are  two  sets  of  joints:  Set  A,  striking  N.  20°  W.,  dipping 
45°  S.  70°  W.,  spaced  2  to  8  feet,  and  discontinuous,  forms  a  heading 
10  feet  wide  in  the  center.  One  of  these  joints  has  subjoints,  striking 
N.  30°  W.,  one-half  to  1  inch  apart.  Set  B,  striking  N.  35°-40°  E., 
dipping  80°  N.  37°  W.  and  90°,  is  spaced  2  to  8  feet.  The  rift  is 
reported  as  dipping  north  at  a  low  angle  and  the  grain  ^s  striking 
N.  70°  E.  and  dipping  45°  S.  20°  W.  The  fine  granite  occurs  here 
as  a  dike  dipping  45°  S.  and  50  feet  tliick,  with  the  medium  grained 
'^red''  on  both  sides  of  it.  It  also  contains  pegmatite  dikes  parallel 
to  its  course.  Light  pinkish  streaks  (veinlets  ?)  from  0.1  to  0.3 
inch  thick  cross  the  quarry  in  the  flow  direction.  In  tliin  section 
these  are  found  to  consist  of  slightly  altered  granite.  Both  feldspars 
are  much  kaolinized,  and  the  oligoclase  is  also  much  micacized ;  the 
biotite  is  chloritized  and  epidotized.  The  quartz  particles  are 
crowded  with  sheets  of  cavities  (with  liquid  and  vacuoles),  and  these 
are  parallel  to  the  sides  of  the  veinlet  as  well  as  in  line  with  streaks 
of  kaolinization  in  its  feldspars.  Along  joints  A  the  granite  is  much 
reddened  for  1  to  2  inches.     In  this  reddish  zone  the  feldspars  a 
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much  kaolinized  and  micacized,  the  biotite  is  chloritized,  epidote 
occurs,  and  the  magnetite  is  altered  to  hematite,  which  has  red- 
dened the  feldspars.  Rusty  stain  is  up  to  4}  inches  thick  on  sheet 
surfaces. 

The  plant  consists  of  2  derricks,  a  hoisting  engine,itcflteam drill,  and 
pump. 

Transportation  involves  cartage  of  three-fourths  mile  to  a  siding 
of  the  New  York,  New  Haven  and  Hartford  Railroad. 

The  product  is  used  for  monuments  and  buildings.  In  1906  the 
firm  had  contracts  for  monuments  for  Quincy,  Mass.;  Manchester, 
N.  H.,  and  Erie  and  York  counties.  Pa. 

The  Dixon  quarry  is  about  one-half  mile  northeast  of  Westerly 
station  at  the  west  foot  of  the  east-west  ridge  north  of  the  railroad. 
(See  fig.  24.)     Operator,  Sweeney  Granite  Works,  Westerly,  R.  I. 

The  granite  (specimen  D,  XXVIII,  7,  a)  is  a  biotite  granite  of 
medium  buff-gray  color  with  fine  black  particles.  Its  texture  is 
medium  inclining  to  coarse  with  feldspars  up  to  0.4  inch,  exception- 
ally 0.5  inch,  and  mica  to  0.15  inch.  Its  constituents,  in  descending 
order  of  abundance,  are:  Pinkish-gray  potash  feldspar  (microcline 
and  orthoclase),  slightly  kaolinized  and  intergrown  with  quartz  and 
soda-lime  feldspar;  smoky  quartz  with  cavities ;  greenish-gray  striated 
soda-lime  feldspar  (oligoclase-albite),  some  of  it  much  micacized  and 
kaolinized;  and  biotite  (black  mica),  some  of  it  chloritized.  Acces- 
sory: Magnetite,  pyrite,  apatite,  allanite,  and  zircon.  Secondary: 
Kaolin,  two  white  micas,  chlorite,  limonite,  hematite,  and  carbonate. 

This  is  a  constructional  granite  which  is  closely  related  to  the 
*^red''  of  the  Redstone  quarry,  but  in  which  the  potash  feldspars 
are  less  reddish  and  the  soda-lime  feldspars  are  greenish  instead  of 
cream  colored. 

The  quarry  consists  of  3  openings:  One  150  by  100  feet  and  20 
to  40  feet  deep,  one  100  by  75  feet  and  40  feet  deep,  and  another 
100  by  50  feet  and  10  to  30  feet  deep. 

The  sheets,  from  6  inches  to  6  feet  thick,  are  generally  horizontal. 
There  are  2  sets  of  joints:  Set  A,  striking  N.  45°  E.  and  vertical,  is 
spaced  50  to  100  feet  and  forms  several  headings.  Set  B,  striking 
N.  60°  W.  and  vertical,  is  spaced  50  feet  and  over  and  is  less  frequent 
than  set  A. 

The  phint  comprises  several  derricks,  hoisting  engines,  and  a  stone 
cruslier  wliich  turns  out  material  of  3  sizes. 

AlthoufT^li  the  stone  is  adapted  for  buildings,  only  crushed  stone 
was  being  produced  in  August,  1906. 

Tlie  Frazer  quarry  is  less  than  one-fourth  mile  west  of  the  Red- 
stone ({uaiTv,  on  the  east-west  ridge  north  of  railroad.  (See  fig.  24.) 
No  longer  operated;  owner,  W.  L.  Frazer,  Westerly,  R.  I. 
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The  granite  (specimen  D,  XXVIII,  5,  a),  ''Westerly  statuary/'  is 
a  quartz  monzonite  of  medium  buff-gray  color  with  very  fine  black 
particles.  Its  texture  is  even  grained,  very  fine,  with  feldspars  and 
mica  up  to  0.1  inch.  Its  constituents  are  the  same  as  those  of  the 
other  fine-textured  grayish-pinkish  Westerly  granites  described  on 
page  191. 

The  quarry  is  about  250  by  200  feet  and  over  50  feet  deep. 

The  sheets,  6  inches  to  5  feet  thick,  are  horizontal.  Joints,  striking 
rouglily  about  north  and  dipping  60°-70°  W.  or  90°,  are  spaced  up 
to  20  feet  and  form  headings  on  the  east  and  west  There  are  inclu- 
sions of  bioiite  gneiss  on  the  dumps,  also  pieces  of  pegmatite  con- 
sisting of  pflricish  microcline  intergrown  with  quartz  and  oligoclase ; 
smoky  quartz,  cream-colored  oligoclase,  and  biotite. 

The  Chapman  qiiarry  is  about  south  of  the  Frazer  quarry  near  the 
foot  of  the  ridge.  (See  fig.  24.)  It  is  abandoned,  but  is  mentioned 
here  only  because  of  its  geological  features. 

A  joint  face  forming  the  west  wall  and  working  face  strikes  N.  10° 
W.  It  is  intersected  at  intervals  of  1  to  3  feet  by  vertical  joints 
striking  N.  50°  E.  At  the  top  is  an  inclusion  of  biotite  gneiss  10  feet 
in  diameter.  Dipping  10°  south  across  this  face  is  a  pegmatite  dike 
about  a  foot  thick.  Between  20  and  30  feet  below  it  is  an  aplite 
dike  a  few  inches  thick  with  like  dip.  The  sheets  are  only  from  1  to 
3  feet  thick,  and  the  joint  intervals  are  too  short  to  make  quarrying 
profitable.  The  granite  is  the  fine-textured  statuary  (pinkish-gray) 
quartz  monzonite,  already  described. 

The  Niantic  quarries. —  The  Klondike  quarry  is  in  Charlestown, 
IJ  miles  southest  of  Niantic  station  and  5  J  miles  about  east  of 
Westerly  station.  (See  fig.  24.)  Operator,  Gourlay  Granite  Works, 
Westerly,  R.  I. 

The  granite  (specimens  D,  XXVIII,  11,  c,  g),  *' blue-white  West- 
erly,''  is  a  quartz  monzonite  of  medium  bluish-gray  color  with  very 
fine  black  particles.  Its  texture  is  fine  with  feldspars  up  to  0.1, 
exceptionally  0.2  inch,  and  mica  to  0.05,  exceptionally  0.1  inch.  Its 
constituents,  in  descending  order  of  abundance,  are:  Clear  to  milk- 
white  or  cream-colored  striated  soda-lime  feldspar  (oligoclase),  partly 
kaolinized  and  micacized.  In  some  crystals  the  altered  part  is 
central ;  in  others  it  forms  a  zone  with  unaltered  feldspa**  within  and 
without  it;  slightly  smoky  quartz  with  hairlike  crystals,  probably  of 
rutile,  and  very  few  cavities;  more  or  less  transparent  bluish  potash 
feldspar  (microcline  and  orthoclase,  the  first  intergrown  with  quartz) ; 
and  biotite  (black  mica),  some  of  it  chloritized.  Accessory:  Magne- 
tite, titanite,  pyrite  rare,  apatite,  allanite,  zircon,  and  rutile.  Second- 
ary: Kaolin,  a  white  mica,  and  carbonate. 

Mr.  E.  C.  Sullivan,  chemist,  of  the  United  States  Geological  Survey, 
finds  that  this  granite  contains  0.18  per  cent  of  CaO  (lime)  soluble  in 
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hot  dilute  acetic  acid,  which  indicates  a  content  of  0.32  per  cent  of 
CaCOg  (lime  carbonate),  the  presence  of  which  carbonate  is  also  shown 
by  the  microscope  and  by  a  slight  effervescence  in  cold  dilute  muri- 
atic acid. 

A  compression  test  made  for  the  firm  at  the  United  States  Arsenal 
at  Watertown,  Mass.,  in  1907,  with  a  cube  of  about  2-inch  face, 
showed  the  first  crack  with  107,000  pounds,  and  final  fracture  with 
118,000  pounds,  showing  an  ultimate  compressive  strength  of  29,500 
pounds  per  square  inch.  The  direction  of  rift  or  grain  with  reference 
to  pressure  was  not  stated. 

This  is  a  monumental  granite  of  fine  texture  and  bluish  tint.  Its 
texture  is  a  little  finer  than  that  of  the  *'  old  blue  "  of  the  New  England 
quarry,  and  about  the  same  as  that  of  the  Newall  quarry  (p.  207). 
It  is  more  bluish  than  the  former,  not  containing  any  pinkish  feldspar, 
and,  its  mica  particles  being  finer,  it  takes  a  higher  polish.  The 
polished  face  shows  magnetite  in  fine  particles,  but  scarcely  any 

pyrite.     There  is  quite   a 
N  s        little    contrast    of    shade 

between     the     hammered 
arid  polished  faces. 

The  quarry,  opened  in 
1897,  is  about  600  feet  east- 
west  by  100  feet  across 
and  from  75  to  100  feet 
deep.  (See  PL  IX,  A.) 
On  the  south  side  the 
stripping  of  drift  increases 
from  5  feet  in  thickness  at  the  west  wall  to  35  feet  at  the  east  wall, 
owing  to  the  inclination  of  the  rock  surface. 

The  sheets,  from  1  to  8  feet  thick,  dip  generally  5°  S.  There  is  but 
one  set  of  joints,  which  strikes  N.  25°  E.,  dips  70*^  W.,  and  is  spaced 
5  to  50  feet.  The  rift  is  reported  as  horizontal,  but  feeble.  A  flow 
stnicture,  indicated  by  streaks  of  black  mica,  strikes  N.  10°-20°  W. 
and  dips  west.  There  is  a  dike  of  aplite  striking  N.  25°  E.,  dipping 
70°  W.  The  structural  relations  are  shown  in  fig.  27  and  PI.  IX,  A. 
The  granite  appears  to  have  reached  the  present  surface  in  a  dikelike 
mass,  the  sides  of  which  dipped  about  30°  S.,  and  cut  a  mass  of  por- 
pliyritic  biotite  gneiss,  to  be  described  beyond.  The  granite  mass  is 
about  75  feet  tliick,  measured  at  riglit  angles  to  its  inclination. 
The  fohatiou  of  the  gneiss  is  not  far  from  horizontal.  Within  the 
gneiss  are  (hkes  of  j)ognuitite  and  apHte,  which  appear  to  begin  at  the 
granite  contact  meander  and  taper  out  upward.  On  the  soutli  side 
the  slieet  structure  extends  uito  the  gneiss,  as  shown  in  PI.  IX,  ^rl. 
Fifteen  (oci  below  the  <j:neiss  the  j]:ranite  contains  one  or  more  an^nilar 


Fig.  27.— Approximate  structure  at  the  Klondike  quarry, 
noar  Niantic,  R.  I. 
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inclusions  of  finely  banded  biotite  gneiss.  The  problem  presented 
by  the  structure  here  is  whether  this  belt  of  granite  75  feet  thick  is 
simply  a  dike  of  indefinite  depth  or  a  minor  protuberance  in  the 
undulating  surface  of  a  wide  granitic  intrusion  which  became  exposed 
by  the  erosion  of  the  overlying  gneiss  where  it  was  thinnest.  The 
gneiss  (specimen  D,  XXVIII,  11,  a)  is  of  very  dark  gray  shade  and 
fine  to  medium  texture,  but  with  porphyritic  feldspars  from  one-half 
to  li  inches  in  diameter,  consisting  of  a  light  pinkish-buff  potash 
feldspar  (microcline  and  orthoclase),  rimmed  with  milk-white  soda- 
lime  feldspar  (oligoclase-andesine).  The  groundmass  consists  of  the 
same  potash  feldspar,  smoky  quartz,  the  same  soda-lime  feldspar, 
and  biotite.  The  granite  is  crossed  at  irregular  intervals  by  pinkish 
and  pyritiferous  **  streaks,^'  veinlets  from  0.1  to  0.4  inches  wide,  with 
a  central  thread  of  epidote.  Their  course  is  parallel  to  the  joints. 
In  thin  section  the  soda-lime  feldspars  of  these  veinlets  are  much 
kaolinized  and  micacized.  Rusty  stain  along  sheets  is  from  1  to  6 
inches  thick.  Some  joint  faces  are  coated  with  a  thin  film  of  calcite; 
others  with  epidote  from  the  alteration  of  feldspar. 

The  plant  consists  of  7  derricks  driven  by  4  hoisting  engines,  2  air 
compressors  (capacity  550  cubic  feet  of  air  per  minute  each),  5  large 
drills,  25  air-plug  drills,  and  2  steam  pumps. 

Transportation  involves  a  cartage  of  2i  miles  to  New  York,  New 
Haven  and  Hartford  Railroad. 

The  product  is  used  entirely  for  monuments. 

The  Newall  quarry  is  in  the  town  of  Westerly  just  west  of  the 
Charlestown  line,  5}  miles  about  east  of  Westerly  station,  and  l\ 
miles  southeast  of  Niantic  station.  (See  fig.  24.)  Operator,  Joseph 
Newall  &  Co.,  Westerly,  R.  I. 

The  granite  (specimens  D,  XXVIII,  6,  a,  c),  ^^blue  Westerly,'^  is 
a  quartz  monzonite  of  medium  bluish-gray  color,  with  very  fine  black 
particles.  Its  texture  is  even  grained,  fine,  with  feldspars  and  mica 
up  to  0.1  inch.  Its  constituents,  in  descending  order  of  abundance, 
are:  Clear  to  milk-white  striated  soda-lime  feldspar  (oligoclase),  some- 
what kaolinized  and  micacized;  pale,  smoky  quartz,  with  few  hairlike 
cr^^stals,  probably  of  rutile,  and  cavities;  clear  bluish  to  translucent 
potash  feldspar  (orthoclase  and  microcline),  intergrown  with  quartz 
and  slightly  kaolinized;  and  biotite  (black  mica),  some  of  it  chlori- 
tized.  Accessory:  Magnetite,  pyrite,  allanite,  zircon,  and  rutile. 
Secondary:  Kaolin,  a  white  mica,  and  carbonate. 

An  estimate  of  the  mineral  percentages,  obtained  by  applying  the 
Rosiwal  method  to  a  camera  lucida  drawing  of  part  of  a  thin  section 
enlarged  40  diameters,  yields  the  following  results  with  a  2-inch  mesh 
and  a  total  linear  length  of  38  inches. 
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Estimated  mineral  percentages  in  ^'hlue  Westerly"  granite  from  the  Newall  quarry  near 

Niantic,  R.  I. 

Soda-lime  feldspar  (oligoclase) 36.32 

Quartz 29. 38 

Potash  feldspars  (microcline  17.91,  orthoclase  8.00) 25. 91 

Biotite  (black  mica) 6. 27 

Magnetite 60 

Pyrite 10 

Apatite 95 

AUanite 47 


100.00 


Much  weight  should  not  be  attached  to  the  figures  for  apatite  and 
allanite,  for  the  mesh  could  have  been  shifted  to  avoid  intersecting 
these  particles,  but  their  sum  can  be  safely  regarded  as  standing  for 
the  more  abundant  accessory  minerals  next  to  magnetite  and  pyrite. 

The  average  diameter  of  all  the  particles  obtained  by  the  same 
measurements  is  0.0087  inch. 

Mr.  W.  T.  Schaller,  of  the  United  States  Geological  Survey's  chem- 
ical laboratory,  finds  that  it  contains  0.15  per  cent  of  CaO  (lime) 
soluble  in  dilute  acetic  acid,  which  indicates  a  content  of  0.26  per 
cent  of  CaCOg  (lime  carbonate),  the  presence  of  which  carbonate  is 
also  shown  by  the  microscope  and  by  a  slight  effervescence  with  cold 
dilute  muriatic  acid. 

This  is  a  fine-grained  monumental  granite  susceptible  of  high  polish 
and  fine  carving.  It  is  of  the  same  texture  as  the  stone  of  the  Klon- 
dike quarry,  and  a  little  finer  than  the  blue  of  the  New  England  and 
Smith  quarries.  Its  shade  is  a  trifle  darker  than  that  of  the  Klondike 
quarry.  The  polished  face  shows  many  minute  particles  of  mag- 
netite and  a  few  of  pyrite.  There  is  marked  contrast  between  the 
hammered  and  polished  faces. 

The  quarry,  opened  in  1883,  measures  from  400  to  450  feet  east- 
west  by  250  feet  across  and  from  50  to  100  feet  in  depth.  In  1906 
quarrying  was  confined  to  the  deeper  and  wider  part. 

The  sheets,  from  1  to  9  feet  thick,  are  horizontal  at  the  east  end, 
dip  10°-15°  W.  at  the  west  end  and  15''  S.  at  the  bottom.  There 
are  2  sets  of  joints:  Set  A,  striking  N.  25""  E.,  dipping  75°  ESE.,  is 
spaced  5  to  200  feet.  Set  B,  striking  N.  45°  W.  and  vertical,  is 
exceptional.  The  rift  is  reported  as  dipping  20°  about  east,  but  in 
places  west,  and  the  grain  as  striking  east-west  and  vertical.  The 
granite  occurs  in  a  dikelike  mass  about  100  feet  thick,  dipping  45°  S. 
and  both  underlain  and  overlain  by  ^^white  horse, ^'  which  here  is  a 
light  pinkish-gray  biotite  gneiss  consisting  of  light  pinkish  potash 
feldspar  (microcline)  in  elongated  cr}'stals,  smoky  quartz,  clear  to 
milk-white  oligoclase,  and  biotite.  The  foliation  of  thisgneiss  appears 
to  strike  about  east-west  and  to  dip  with  the  surface  45°  S.  A  peg- 
matite l)order  separates  granite  from  gneiss.     Minute  brownish  veins 
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traverse  the  gneiss  Rusty  stain  is  up  to  14  inches  tliick  on  sheet 
surfaces,  and  ferruginous  water  exudes  from  between  them  halfway 
down  the  surface. 

The  plant,  including  that  at  the  firm^s  cutting  shed  at  Westerly, 
comprises  5  derricks,  5  hoisting  engines,  a  20-ton  traveling  crane,  an 
engine  for  general  work,  2  air  compressors  (capacity  350  and  135 
cubic  feet  of  air  per  minute),  6  steam  drills,  2  air  plug  drills,  48  air 
hand  tools,  3  surfacers,  3  polishers,  and  a  steam  pump. 

Transportation  is  effected  by  cartage  of  1}  miles  to  the  New  York, 
New  Haven  and  Hartford  Railroad  at  Niantic,  and  thence  4J  miles 
by  rail  to  the  cutting  shed  at  Westerly. 

The  product  is  used  exclusively  for  monuments.  Specimens:  Sar- 
cophagus monument  to  Senator  Sherman,  Mansfield,  Ohio;  Obelisk 
to  Gen.  Lew  Wallace,  Crawfordsville,  Ind.;  W,  L.  Elkins  and  P.  A.  B. 
Widener  mausoleums,  Central  Laurel  Hill,  Philadelphia;  monument 
to  J.  D.  Putnam  erected  by  Fourteenth  Wisconsin  Regiment  on  the 
battlefield  of  Shiloh;  reproduction  of  the  elaborate  Celtic  cross  of 
St.  Martin  in  the  island  of  lona,  erected  by  Mrs.  McNeil  in  Rosedale 
Cemeterj^,  Los  Angeles,  Cal.;  also  the  T.  M.  Newall  monument  at 
Westerly,  which  has  a  delicate  bas-relief  of  an  entire  poppy  plant 
and  a  butterfly  (design  copyrighted). 

The  Crumh  quarry  is  in  Westerly,  a  mile  S.  32°  E.  of  Niantic  sta- 
tion, and  5  miles  about  east  of  Westerly  station.  (See  fig.  24.) 
Operator,  The  Crumb  Quarry  Company,  Westerly,  R.  I. 

The  granite,  '4)lue  Westerly,'^  is  a  quartz  monzonite  of  medium 
bluish-gray  color,  with  very  fine  black  particles  and  even  gi*ained, 
fine  texture,  identical  with  that  of  the  Newall  quarry  described  on 
page  207. 

The  quarr}^,  opened  in  1857,  is  about  400  feet  east- west  by  125 
feet  across  and  40  feet  in  depth. 

The  sheets,  from  6  inches  to  8  feet  thick,  are  undulating  horizontal. 
There  are  2  sets  of  joints:  Set  A,  striking  N.  25°  E.,  dipping  50°-70° 
WSW.,  is  spaced  10  to  150  feet  and  forms  a  heading  across  the  center. 
Set  B,  striking  N.  60°  E.  and  vertical,  is  excepticmal  and  discontinu- 
ous. The  rift  is  reported  as  horizontal,  but  with  a  **run^^  dipping 
low  east  and  the  grain  as  vertical  east-west.  The  granite  occurs  in 
a  dikelike  mass,  apparently  continuous  with  that  of  the  Newall 
quarry,  which  is  about  850  feet  east-southeast  of  it.  It  is  about  100 
feet  thick  and  is  underlain  on  the  north  by  a  gneiss,  '  Vhite  horse, ^' 
with  a  foliatix)n  and  surface  dipping  20°-40°  S.  Owing  to  the  quarry 
wall  on  the  south  being  vertical,  the  dip  of  the  foliation  on  that  side 
could  not  be  determined.  This  gneiss  (specimen  D,  XXVIII,  12,  b) 
is  a  light  pinkish-gray  biotite  gneiss  identical  with  that  of  the  Newall 
quarry  (p.  208).  The  light-pinkish  feldspars  (orthoclase  and  micro- 
cline)  are  in  elongated  lenses  from  0.2  to  0.3  inch  wide.  The  biotite 
50193— Bull.  354—08 14 
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is  fine  and  sparse.  Although  the  schistosity  of  the  stone  may  possi- 
bly be  great  enough  to  impair  its  strength,  its  contrasts  of  color  are 
very  attractive.  The  granite  is  crossed  by  a  1-inch  pegmatite  dike 
dipping  45°  E.  Rusty  stain  is  10  to  15  inches  thick  along  sheet  sur- 
faces. The  faces  of  joints  A  are  in  places  bright  reddish  and  thinly 
coated  with  radiating  pearly  crystals  of  a  silicate,  stilbite  (?). 

The  plant  comprises  5  derricks  (1  with  50  tons  capacity),  3  hoisting 
engines,  2  steam  drills,  a  polisher  and  engine,  and  3  steam  pumps. 

Transportation  requires  cartage  of  IJ  miles  to  the  railroad  at 
Niantic. 

The  product  is  used  for  monuments,  which  are  made  mostly  in 
Quincy,  Mass.  Specimens:  Alexander  Thompson  and  Oliver  Hazard 
Cooper  monuments.  Swan  Point  Cemetery,  Providence ;  Rhode  Island 
monument,  Anderson ville,  Ga. 

CLASSIFICATION    OF   THE   GRANITES. 

The  ^ 'granites^'  described  in  this  report  fall  into  the  following  ten 
petrographical  groups:  Biotite  granite,  biotite-muscovite  granite, 
muscovite-biotite  granite,  quartz  monzonite,  hornblende  granite, 
biotite-homblende  granite,  riebeckite-aegirite  granite,  riebeckite- 
segirite-biotite  granite,  quartz  diorite,  and  diabase  porphyry. 

For  economic  purposes  these  granites  fall  naturally  into  the  two 
classes  of  constructional  and  monumental  granites.  Some  granites, 
however,  are  noted  for  their  susceptivity  of  a  high  polish  or  possess 
colors  which  only  become  effective  on  a  polished  face.  Such  are, 
therefore,  termed  polish  granites.  To  this  class  belong  also  several 
of  the  constructional  and  monumental  granites.  Still  other  granites, 
by  virtue  of  the  contrast  between  their  hammered  or  cut  and  their 
polished  surfaces,  are  peculiarly  adapted  to  inscriptions  and  are  there- 
fore classed  as  inscriptional  granites.  Here  belong  the  quartz  mon- 
zonites  and  diorites  because  of  their  large  content  of  soda-lime  feld- 
spar. One  of  the  monumental  and  inscriptional  granites,  from  its 
remarkable  fineness  of  texture,  lends  itself  to  the  very  finest  carving 
and  is  therefore  also  classed  as  statuary  granite.  In  the  following 
table  all  the 'granites  treated  in  this  bulletin  are  grouped  in  these  five 
economic  classes.  The  trade  name,  the  scientific  name,  the  real 
general  color  and  shade,  and  the  texture  of  each  stone  are  added  in 
separate  columns,  and  page  references  to  the  detailed  descriptions 
and  quarries  are  also  given.  In  defining  their  general  color  reference 
to  the  black  spots  or  spangles  produced  by  the  black  silicates  has  been 
omitted. 
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COMMERCIAL  VALUE  OF  THE  GRANITES. 

These  granites  represent  quite  a  range  in  commercial  value — from 
25  cents  to  $3.25  per  cubic  foot.  The  following  prices  were  obtained 
from  the  larger  concerns  as  current  in  1906.  All  are  f.  o.  b.  and  per 
cubic  foot  in  the  rough. 

Constructional  granites, — MUford,  Mass.,  pink,  in  blocks  up  to  10 
tons,  $0.60  to  $0.70.  Foundation  and  bridge  rubble  work,  $0.25. 
Quincy,  light,  for  bases  and  hammered  work,  ordinary  sizes,  $0.50 
to  $0.85.  Extra  light,  for  bridge  work,  without  reference  to  size, 
$0.35.  Rockportj  gray,  ordinary  sizes  (3  to  15  feet  long,  IJ  to  4  feet 
wide,  and  1^  to  3  feet  high),  best  quality,  $0.50.  Concord,  blocks 
under  9  feet  square  in  base,  $0.60.  Redstone,  N,  H.,  red,  ordinary 
sizes,  $0.40  to  $0.50.  MUford,  N.  H,,  dimension  stone  in  blocks  up 
to  100  cubic  feet,  $0.40.      Westerly,  red,  ordinary  sizes,  $0.60. 

Monumental  granites. — Quincy,  medium,  in  blocks  up  to  40  cubic 
feet,  $1  to  $1.10;  40  to  55  cubic  feet,  $1.15.  Dark,  in  blocks  up 
to  40  cubic  feet,  $1.30  to  $1.35;  40  to  55  cubic  feet,  $1.40.  Extra 
dark,  in  blocks  up  to  40  cubic  feet,  $1.60.  Becket  {Chester),  in  blocks 
up  to  40  to  50  cubic  feet,  $1.30  to  $1.40.  Redstone,  N.  H.,  green, 
ordinary  sizes,  $0.65  to  $0.75.  MUford,  N.  H.,  in  blocks  up  to  10 
cubic  feet,  $0.75  to  $1.25,  averaging  $0.85.  Westerly,  blue,  in  blocks 
up  to  10  cubic  feet,  $1.10  to  $1.15.  Up  to  50  to  60  cubic  feet,  $2.60 
to  $2.75.  White  and  pink  statuary,  in  blocks  up  to  10  cubic  feet, 
$1.10  to  $1.25.  Up  to  50  to  60  cubic  feet,  $2.70  to  $3.25.  When 
the  MUford,  Mass,,  pink  is  ordered  finished  for  ornamental  work  the 
following  prices  prevail:  Rock-faced  ashlar  building  work,  $1.50. 
Cut  building  work,  $3.50.  Polished  building  work,  $6.  Cut  monu- 
mental work,  $7.     Polished  monumental  work,  $10. 

STATISTICS  OF  GRANITE  PRODUCTION. 

By  Altha  T.  Coons. 

In  this  section  is  shown  the  value  of  the  stone  produced  at  Becket, 
Chester,  Milford,  Pigeon  Cove,  Rockport,  Quincy,  and  West  Quincy, 
Mass.,  at  Concord,  Milford,  and  Redstone,  N.  H.,  and  at  Niantic  and 
Westerly,  R.  I.,  by  uses,  and  the  total  value  of  the  production  of  each 
State  from  1902  to  1906. 

The  figures  in  the  following  tables  represent  the  selling  value  of 
the  stone  to  the  quarrymen,  exclusive  of  any  freight  charges.  When 
the  stone  is  cut  or  dressed  by  the  quarrymen  and  sold  in  this  man- 
ner the  value  of  the  dressed  stone  is  given.  This  applies  especially 
to  the  stone  quarried  and  sold  for  use  as  building  and  monumental 
stone. 

The  principal  uses  of  the  stone  as  shown  in  the  following  tables  are 
for  building  stone,  rough  and  dressed,  and  monumental  stone,  rough 
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and  dressed.  Under  stone  sold  for  "other''  purposes  is  included 
stone  for  curbstone,  flagstone,  some  used  for  jetty  purposes,  stone 
posts,  covers,  a  small  quantity  of  crushed  stone,  and  stone  for  vari- 
ous other  rough  work. 

The  total  value  for  each  State  includes  stone  of  all  classes,  rough 
and  dressed  building  and  monumental  stone,  flagstone,  curbstone, 
riprap,  rubble,  crushed  stone,  and  stone  sold  for  various  other  pur- 
poses. A  large  quantity  of  trap  rock  quarried  in  Massachusetts  and 
used  chiefly  for  crushed  stone  is  not  included  in  the  Massachusetts 
State  total. 

Production  of  granite  by  ttscs  in  the  granite  areas  of  Chester ^  Becket,  Milford,  Pigeon  Cove, 
Rockport,  Quincy,  and  West  Quincyy  Mass.,  and  the  value  of  the  proaivction  ojf  the  entire 
State  from  1902  to  1906. 


Uses. 


Rough  building 

Dressed  building 

Rough  monumental . 
Dressed  monumental 

Paving  blocks 

Rubble  and  riprap... 
other  

Total 

State  total  a 


1902. 

1903. 

1904. 

1905. 

190G. 

$75,461 
559,351 
468,016 
290,678 
140,214 
73,011 
137,672 

$88,900 
364,788 
357,449 
231,375 
211,279 
91,951 
90,700 

$56,301 
556,478 
319,448 
201,877 
212,254 
67,962 
86,559 

$85,796 
485,448 
396,187 
187,361 
175,712 
35,085 
50,563 

$93,726 

1,563,044 
346,311 
239,310 
132,254 

24,476 
55,747 

1,744,403 

1,436,442 

1,500,879 

1,416,152 

2  454  868 

3,080,857 

2,351,027 

2,554,748 

2,251,319 

3,327,416 

a  This  does  not  include  trap  rock,  used  for  road  metal,  etc. 

Production  of  granite  by  uses  in  the  granite  areas  of  Concord,  Milford,  and  Redstone ,  X.  II. , 
and  the  value  of  the  prodxiction  of  the  entire  State  from,  1902  to  1906. 


Uses. 


Rough  building 

Dressed  building 

Rough  monumental. 
Dressed  monumental 

Paving  blocks 

Rubl)le  and  riprap.. . 
Other 

Total 

State  total 


$(57,704 
272,385 

32,727 
233,647 

28,001 
5,169 

25,996 


,147,097 


$33,154 
239,201 

47,774 
204,937 

34,907 
7,283 

38,707 


665,629  I    605,963 


854,513 


$32,733 
367,610 

63,962 
199,538 

40,045 
1,685 

23,378 


728,951 


927,487 


$15,752 
178,757 

88,414 
171,099 

48,484 
1,759 

35,866 


540,131 


838, 3n 


190G. 


rJ9,G22 
198.931 

49,825 
102,296 

76,229 
5,886 

58,689 


521,478 


818, 131 


Production  of  granite  by  uses  in  the  granite  areas  of  Niantic  and  Westerly,  R.  /.,  and  the 
value  of  the  production  of  the  entire  State  from  1902  to  1906. 


Uses. 


Rough  l)iiilding '  S4, 47s 

Drossod  building 8(), 9(37 

Rough  inonuinental Ill, 5()2 

Dressed  monumontjil 43S,  472 

Paving  blocks 13,  .S.S4 

Other 3. 3«>4 

Total 1  (i.52. 0(37 

State  total I  734,(i'23 


S4,27r) 
101,914 
111,308 
;i5y,0l8 

3(i,(i34 
2.298 


til  (1.0-17 


$250 
62,688 
134.0(i3 
2a3.2()7 
79.641 
5.538 


526,954  I 


485.447 


(i84,952  I 


556,304 


$biO 
184.».14 
159.525 
171. 7(X) 
2^.332 
5.9SS 


550.319 


I 


622.812 


BIBLIOGRAPHY.  215 

CONCLUSIONS. 

In  reviewing  the  very  numerous  details  brought  together  in  the 
preceding  pages  several  general  ideas  will  impress  themselves  upon 
the  reader:  First,  the  long  and  complex  geological  history  of  the 
rock  masses  which  are  being  quarried.  Next,  the  very  intricate 
microscopic  character  of  the  various  granites  described,  both  in  their 
mineral  composition  and  texture  and  in  the  changes  which  have 
taken  place  in  them.  Then,  also,  the  great  ingenuity  shown  in  the 
various  mechanical  devices  for  quarrying  the  stone,  and  especially 
in  the  modem  pneumatic  machinery  for  working  and  finishing  it; 
and,  finally,  the  architectural  and  sculptural  skill  displayed  in  the 
structures  and  monuments  made  of  it.  Among  the  more  notable  of 
those  made  or  being  made  of  these  granites  are:  The  Pennsylvania 
Railroad  terminal  at  New  York,  the  Congressional  Library,  the  Cam- 
bridge and  Boston  bridge,  the  Bunker  Hill  Monument,  and  the 
National  Monument  at  Gettysburg. 
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GLOSSARY  OF  SCIENTIFIC  AND  QUARRY  TERMS. 

Accessory  minerals  in  granite  are  original  constituents  of  the  rock,  found  only  in 
small,  often  only  in  microscopic  quantity. 

A(  iDic.     A  term  applied  to  rocks  in  which  silicic  acid  (silica)  or  quartz  predominates. 

Allanite.  An  opaque  black  mineral  (silicate),  brown  in  thin  section,  one  of  the  pri- 
mary loss  conmaon  accessory  constituents  of  granite,  which  contains  from  12  to 
17  elements,  including  6  of  the  rarer  ones.  For  analyses  see  Dana,  E.  S.,  Sys- 
tem of  Mineralogy,  fith  ed.     1892.     pp.  522-526. 

Anticline.     A  term  applied  to  granite  sheets  or  sedimentary  beds  that  form  an  arch. 

Aplite.  Fine-grained  granite,  usually  occurring  in  dikes  and  containing  little  mica 
and  a  high  percentage  of  silica. 

Basic.  A  term  applied  to  rocks  in  which  the  iron-magnesia  minerals  and  feldspars 
with  lime  and  soda  predominate,  such  as  diabase  or  basalts. 

Black  horse.  Term  used  by  quarrymen  in  Rhode  Island  to  denote  a  dark  biotite 
gneiss  in  contact  with  the  granite. 

Blind  seams.     Quarrymen's  term  for  incipient  joints. 

Bowlder  quarry.  One  in  which  the  joints  are  either  so  close  or  so  irregular  that  no 
verj'  large  blocks  of  stone  can  be  quarried. 

Channel.     A  narrow  artificial  incision  across  a  mass  of  rock,  which,  in  the  case  of  a 

granite  sheet,  is  made  either  by  a  series  of  contiguous  drill  holes  or  by  blasting 

a  series  of  holes  arranged  in  zigzag  order. 
Cleavage,  when  applied  to  a  mineral,  designates  a  structure  consequent  upon  the 

geometrical  arrangement  of  its  molecules  at  the  time  of  its  crystallization. 
Close  jointed.     A  term  applied  to  joints  that  are  very  near  together. 
Crocus.     A  term  used  in  the  Milford,  N.  H.,  quarries  to  denote  gneiss  or  any  other 

rock  in  contact  with  granite. 
Crush-border.     A  microscopic  granular  structure  sometimes  characterizing  adjacent 

feldspar  particles  in  granite  in  consequence  of  their  having  been  crushed 

together  during  or  subsequent  to  their  crystallization. 
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Cut-off.     Quanymen's  term  for  the  direction  along  which  the  granite  must  be  chan- 
neled, because  it  will  not  split.     Same  as  "hard way." 
Dendrites.    Plantlike  crystallization  of  iron  or  manganese  oxides  on  the  surfaces  of 

fissures  in  any  rock  or  mineral.     Frost  crystals  on  window  panes  are  of  like 

character. 
Dike.    A  mass  of  granite,  diabase,  basalt,  or  other  rock  which  has  been  erupted 

through  a  narrow  fissure. 
Dimension  stone.    A  term  applied  to  stones  that  are  quarried  of  required  dimensions. 
Dip.     The  inclination  from  the  horizon,  given  in  terms  of  degrees,  of  a  sheet,  joint, 

heading,  dike,  or  other  structural  plane  in  a  rock. 
Drift.    Sand  and  bowlders  deposited  by  the  continental  glacier. 
Drumlin.  Oval  hillock  of  clay  and  bowlders  formed  beneath  the  ice  sheet  of  the  gla- 
cial epoch. 
Erosion.    The  wearing  away  of  portions  of  a  rock  by  such  natural  agencies  as  stream 

or  ice  action. 
Exfoliation.    The  peeling  of  a  rock  surface  in  sheets  owing  to  changes  of  temperature 

or  other  causes. 
Faulting.     The  slippage  of  a  rock  mass  or  masses  along  a  natural  fracture. 
Flow-structure.    The  parallel  arrangement  of  the  minerals  in  granite  or  other 

igneous  rock  in  the  direction  of  its  flowage  during  its  intrusion. 
Geode.     a  rock  cavity  lined  with  crystals.     Geodes  in  granite  are  attributed  to 

steam  or  gas  bubbles. 
Grain  in  granite  is  practically  the  direction  in  which  the  stone  splits  "next  easiest," 

the  "rift''  being  that  in  which  it  splits  most  readily. 
Grout.    A  term  applied  to  the  waste  material  of  all  sizes  obtained  in  quarrying  stone. 
Grow-on.    Quarrymen's  term  to  designate  the  place  where  the  sheet  structure  dies 

out,  or  the  place  where  two  sheets  appear  to  grow  onto  one  another. 
Hard-way.     The  direction  at  right  angles  to  both  rift  and  grain  in  which  granite  does 

not  split  readily.     (See  Cut-off.) 
Heading.     A  collection  of  close  joints. 
Heading-seam.     See  Joint. 
Hematite.     An  oxide  of  iron  (FejOg)  which  when  scratched  or  powdered  gives  a 

cherry-red  color. 
Igneous.     A  term  applied  to  rocks  that  have  originated  in  a  molten  condition. 
Joints.     More  or  less  steeply  inclined  fractures  which  cross  the  granite  sheets  and 

which  are  attributed  to  various  stresses. 
Kaolin.     A  hydrous  silicate  of  alumina  derived  from  the  alteration  of  feldspar. 
Kaolinization.     The  procass  by  which  a  feldspar  passes  into  kaolin. 
Knots.  A  term  applied  by  quarrymen  to  dark  gray  or  black  objects,  more  or  less  oval 

or  circular  in  cross-section,  which  are  segregations  of  black  mica  or  hornblende 

formed  in  the  granite  while  in  a  molten  state.     English  quarrymen  call  them 

' '  heathen . ' ' 
Knox  hole.     A  circular  drill  hole  with  two  opposite  vertical  grooves  which  direct 

the  explosive  power  of  the  blast. 
Lewis  hole.     An  opening  made  by  drilling  two  or  three  holes  near  together  and  chL^el- 

iiig:  out  the  intorvi'ning  rock. 
LiMONiTE.     A  hydrous  oxide  of  iron  (2Fe._,03,  SHjO);  a  hydrated  hematite,  which, 

when  scratcliod  or  powdered,  gives  n  l>ro\\TiL«5h  rust  color. 
Matrix.     Tlie  general  mass  of  a  rock  which  ha.s  isolated  crystals;  sometimes  called 
grroundmass. 
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Millimeter.     French  decimal  lineal  measure,  the  thousandth  part  of  a  meter  or  the 
tenth  part  of  a  centimeter.     It  is  equivalent  to  nearly  0.04  inches,  the  meter  , 
being  39^^  inches. 

Monolith.     A  column  or  monument  of  one  stone. 

Motion.    A  term  used  in  granite  regions  to  designate  small  paving-block  quarries. 

Ophitic.  a  term  applied  to  microscopic  rock  texture  to  designate  a  mass  of  longish 
interlacing  crystals,  the  spaces  between  which  have  been  filled  with  minerals 
of  later  crystallization. 

Orei.  a  term  applied  in  the  Quincy  quarries  to  Quincy  granite  which  has  been  ren- 
dered valueless  by  the  alteration  of  its  segirite  particles. 

Pegmatite.  A  very  coarse  granite  occurring  in  irregular  dikes  or  lenses  in  granites 
and  some  other  rocks. 

Plagioclase.     a  term  applied  to  all  those  feldspars  that  are  not  potash  feldspars. 

Polarized  light.  Light  whose  .vibrations,  unlike  those  of  ordinary  light,  which  are 
in  all  directions,  are  in  only  one  plane.  Polarized  light  is  used  in  the  micro- 
scopic study  of  rocks. 

PoRPHYRiTic.  A  term  applied  to  rock  texture  to  designate  the  presence  of  isolated 
crystals  in  a  general  mass  (matrix  or  groundmass)  of  finer  material. 

PsEUDOMORPH.  Signifies  false  form,  and  designates  a  crystal  in  which,  owing  to  vari- 
ous chemical  changes,  the  original  mineral  has  been  more  or  less  replaced  by 
others.    The  form  of  the  crystal  no  longer  corresponds  to  the  mineral. 

Quartz  MONZONrrE.  Technical  designation  for  a  granite  in  which  the  percentages 
of  soda-lime  and  of  potash  feldspar  are  nearly  the  same  or  in  which  the  former 
exceeds  the  latter.  In  ordinary  granites  the  amount  of  soda-lime  feldspar  is 
relatively  small. 

Random  stoke.  A  term  applied  by  quarrymen  to  quarried  blocks  of  any  dimensions. 
(See  definition  of  dimension  stone.) 

Rift.  A  quarrymen *8  term  to  designate  an  obscure  microscopic  cleavage  in  granite 
which  greatly  facilitates  quarrying. 

Run.  a  term  used  by  quarrymen  in  connection  with  "rift,"  apparently  to  denote 
the  course  of  the  deflection  of  the  rift  due  to  gravity,  strain,  or  other  not  yet 
understood  cause. 

Salt-horse.     Quarrymen 's  term  for  aplite. 

Sand  seams.  Quarry  term  for  more  or  less  minute  veins  or  dikes  of  muscovite  (white 
mica)  with  some  quartz,  in  cases  also  with  feldspar.     (See  p.  51.) 

Sand  streaks.     Same  as  sand  seams. 

Sap.     Quarrymen *8  term  for  ferruginous  discoloration  along  sheet  or  joint  surfaces. 

Schist.  A  rock  made  up  of  flattish  particles  arranged  in  rough  parallelism,  some  or 
all  of  which  have  crystallized  under  pressure. 

ScHisTOSiTY.    The  quality  of  being  like  a  schist. 

Seam.     Quarrymen 's  term  for  joint. 

Secondary  minerals.  Minerals  whose  presence  is  due  to  the  alteration  of  the  oriei- 
nal  minerals.  ^ 

Sedimentary.  A  term  designating  those  rocks  thi»t  consist  of  particles  deposited 
under  water. 

Segregation.  The  scientific  term  for  **knot;"  a  collection  of  material  separated 
from  other  material.  A  vein  of  segregation  is  one  formed  by  the  filling  of 
a  fissure  with  mineral  matter  originating  in  the  surrounding  rock. 

Sericite.     a  mrire  or  less  fibrous  form  of  muscovite  (potash  mica),  often  resolti 
from  the  alteration  of  feldspar. 
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Shakes.  Quairymen's  term  to  designate  a  somewhat  minute  close-joint  structure, 
which  forms  along  the  sheet  surface  as  a  result  of  weathering. 

Sheet  quarry.  A  quarry  in  which  the  granite  lies  in  sheets,  crossed  by  wide-spaced 
steep  joints. 

Slick  EN  SIDES.  The  polished  and  grooved  faces  of  a  joint  or  bed  caused  by  motion 
and  friction. 

Specific  gravity.  The  weight  of  a  rock  or  mineral  compared  to  that  of  a  body  of  dis- 
tilled water  of  the  same  bulk. 

Strain-sheet.  Quarrymen's  term  for  granite  sheets  produced  by  present  compress- 
ive strain. 

Stratified.     A  term  applied  to  rock  consisting  of  originally  horizontal  beds  or  strata. 

Strike.  The  direction  at  right  angles  to  the  inclination  of  a  plane  of  bedding,  a  sheet, 
or  joint,  etc. 

Stripping.  The  material  (sand,  clay,  soil,  etc.)  overlying  a  rock  of  economic  value, 
which  must  be  removed  before  quarrying. 

SuBJoiNT.     Minor  joints  diverging  from  or  parallel  to  the  regular  joints. 

Syncline.     A  geological  term  for  the  trough  part  of  a  wave-like  sheet  or  bed  of  rock. 

Till.     A  mixture  of  clay  and  bowlders  deposited  by  glaciers. 

Toeing-in.  Quarrymen's  term  for  the  wedging  in  of  the  end  of  a  granite  sheet  under 
an  overhanging  joint,  probably  in  consequence  of  the  faulting  of  the  sheets 
along  the  joint.     It  is  also  applied  to  the  overlapping  of  lenticular  sheets. 

"Toe  nails."  Curved  joints  intersecting  the  sheet  structure,  in  most  cases  striking 
with  the  sheets,  in  some  differing  from  them  in  strike  45**  or  more. 

Twin  crystals.  Two  adjacent  crystals  which  have  formed  with  the  poles  of  their 
main  axes  in  opposite  or  different  directions. 

Weathering.    The  decomposition  of  a  rock  owing  to  the  action  of  the  weather. 

White  horse.  Term  used  by  quarrymen  to  denote  a  light-colored  gneiss,  aplite, 
or  pegmatite. 
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Accessory  minerals,  character  of 12, 217 

Acidic,  definition  of 217 
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Auburn,  N.  H.,  geology  near 186 

granite  at 186-187 

classification  of 211 

color  of 186, 21 1 

B. 

Babson  Farm  quarry,  description  of 132 

granite  of 132 
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Blasting,  methodsof 71 

Blind  seams,  definition  of 217 
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color  of 5»-55,113 


^l:l:^. 


222 


INDEX. 


*  Page. 
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granite  of,  analysis  of 150 
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topography  near 145 
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granite  of 80-83 
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Exfoliation,  definition  of 218 

Expansibility,  data  on 16, 68 

Expansive  stress,  sheets  due  to 27 

Explosives,  use  of 70-71 
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Faulting,  definition  of 218 

Faults,  occurrence  and  character  of 31 

Feldspar,  colors  of 51-55 

cut  surfaces  of 55-56 

occurrence  and  character  of 11, 14, 15 

Ferruginous  waters,  discoloration  by 36, 57-58 

Field  &  WUd,  quarry  of 104 

Field  &  Wild  quarrj-,  description  of 104-105 

granite  of 105 

color  of 53, 105 

minerals  in 60, 105 

rift  in 96, 105 

subjoints  in 48, 105 

Field  quarry,  dikes  in 48 

veins  at 51 

Field  work,  extent  of 7 

Fine  grained,  definition  of 14 

Finlay,  G.  I.,  on  rift 21 

Fissility,  relation  of,  to  paving-block  manu- 
facture        70 

Flat  Ledge  quarry,  description  of 126-127 

dikes  in,  effect  of 125 

granite  of 126-127 

Fletcher  &  Lahey,  quarry  of 185 

Fletcher  &  Lahey  quarry,  description  of.. .  185-186 

granite  of 185-186 

FlexibUity,  data  on 16 

Flow  gneiss,  definition  of 19 

Flow  stnicture,  direction  of 47 

nature  of 10, 1&-19, 218 

relation  of,  to  contacts 62-64 

Fort  Ann,  N.  Y.,  quartzite  from 45-46 

Fox.  Thomas,  quarry  of 154 

Fox  quarry,  description  of 154-155 

granite  of 154-155 

structure  in,  figure  showing 155 

Fractures,  occurrence  and  character  of 31 

Frazer,  W.  L.,  quarry  of 204 

Frazer  quarry,  description  of 204-205 

granite  of 205 

Freezing,  effects  of 68 

utilization  of,  in  splitting 71-72 

Fuller,  Foley  &  Co.,  quarry  of 139 

Fuller  quarry,  description  of 116 

G. 

Gabbro,  occurrence  and  character  of 39 

See  also  Black  granite. 

Gal\'in  Granite  Co.,  quarr>'  of 104 

Galvin  quarrj',  description  of 104 

granite  of 104 

color  of 53, 104 

subjoints  in 48 

\iew  of 96 

Oeodes.  definition  of 218 

occurrence  and  character  of 34-35 

Georgia  granites,  analyses  of 13 

GillKJrt,  G.  K.,  on  sheets 24,25 

Glossary  of  terms 217-220 

Gold-leaf  quarry,  description  of 115-116 

granite  of 94,115-116 

Gourlay  Granite  Works,  quarry  of 205 

Grade,  classes  of 14 

Grafton  quartzite,  occairenoe  and  character 

of 73 
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Grain,  definition  of 19,218 

See  aUo  Rift  and  grain. 

Granite,  absorption  by 68 

analyses  of 13, 65 

bibliography  on 41,215-217 

chemical  composition  of 12-14, 65 

classification  of 17-18, 210-212 

cchesiveness  of 15 

color  of 18,38,52-55 

contacts  of,  relations  of 62-64 

conversion  of,  to  glass 10 

cut  surfaces  of 40-41, 55-66 

definition  of 9 

discoloration  of.    See  Discoloration. 
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hardness  of 16,66-67 

intrusion  of,  laboratory  experiment  show- 
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mineral  composition  of 11-12, 65-66 
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origin  of 9-11 
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porosity  of 16-17,67 
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schist  masses  in 5&-60 

specific  gravity  of 68 
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structure  of.  See  also  Faults;  Flow  struc- 
ture; Fractures;  Grain;  Headings; 
Joints;  Sheets;  Shakes. 

technologic  terms  of 217-220 

tests  of 65-68 
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See  also  Dikes;  Geodes;  Inclusions; 
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vitreousness  of 17 

weight  of 15,68 
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Joint  faces  in 61-62,111 
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stnicture  in,  figure  showing ., Ill 

Granitic  dikes,  description  of. 32-33 

Granitic  quartz,  character  of £6 

Groat,  definition  of. 218 

Grow-on,  deflnltkmof 213 
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Hardness,  data  on 16 

test  of 66-67 

Hard-way,  definition  of 218 

Hardwick,  C.  H.,  &  Co.,  quarry  of 102 

Hard  wick  quarry,  description  of 102-104 

Inclusions  at 44 

granite  of 102-103,104 

analysis  of 93 

Harris,  G.  F.,  on  sheets 23 

Hawes,  G.  W.,  on  hardness 66 

Hayden,  H.  W.,  quarry  of 169 

Hayden  quarry,  description  of 169-170 

dikes  in 48,170 

granite  in 169-170 

Headings,  definition  of 218 

occurrence  and  character  of 30 

Heading  scam,  definition  of 218 

Hematite,  definition  of 218 

Henneberry  &  Halligan,  quarry  of 153 

Henneberry  &  Halligan  quarry,  description 

of 153-154 

granite  of 153-154 

Herrmann,  O.,  on  joints 29 

on  rift 21 

on  sheets 23-24 

Hitchcock,  C.  H.,  on  New  Hampshire  geol- 
ogy    144, 186, 187 

on  sheets 23 

Hitchcock,  Edward,  on  sheets 22 

Hitners  (H.  A.)  Sons  Co.,  quarry  of 184 

Hollis  quarrj',  description  of 151-152 

granite  of 151-152 

llopkinton  quarry,  description  of 86 

granite  of 86 

Hornblende,  occurrence  and  character  of 11 

Howe,  Ernest,  experiment  by 10 

Hudson  &  Chester  Granite  Co.,  quarry  of —      141 
Hudson  &  Chester  Granite  Co's  quarry,  de- 
scription of 141-144 

granite  of. 141-144 

joint  faces  in 61, 142 

I. 

Igneous,  definition  of 218 

Inclusions,  occurrence  and  character  of 35 

Irish  granites,  gas  in 14 

J. 

Joint  faces,  minerals  on 60-62 

Joints,  definition  of 218 

origin  and  occurrence  of 29-30 

Sec  also  Subjoints. 
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Kaolin,  definition  of 218 

Ivaoliniztition,  definition  of 21S 

Kittrodp',  E.  I.,  quarry  of 1»)1 

Kittr(Hlj,'('  quarry,  description  of I(')l-l«i2 

pranito  of I(il-l«i2 

Klondike  quarry,  contact  at <.a 

description  of 2()o  207 

flow  at 47 

granite  of 2(>r)-2i)7 

structure  in,  fij;ure  showinj; 20<i 

Knots,  definition  of 218 

occurrence  and  character  of 34 
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Knox  hole,  definition  of 218 

Lake  Winnepesaukee  gneiss,  occurrence  of. .      144 

Lepage  Granite  Co.,  quarry  of 112 

Lepage  quarry,  description  of 112-113 

discoloration  in 57, 113 

granite  of 112-113 

color  of 53, 112 

Lewis  hole,  definition  of 218 

Lime  carbonate,  percentage  of,  in  granite 12, 65 

See  also  particular  localities. 

Limonite,  definition  of 218 

Longfellow  quarry,  decomposition  in 37 

Lovejoy  Granite  Co.,  quarry  of 160 

Lovejoy  quarry,  description  of 160-161 

granite  of 160-161 

Lower  Swenson  quarrj'.    See  Hollis  quarry. 
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McKenzie  &  Pattlson  quarry,  granite  of 104 

Madison,  N.  H.,  granite  at 185-186 

granite  at,  classification  of 211 

color  of 185,211 

Magnetite,  discoloration  from 57-58 

Maguire  <t  O'Heron,  quarry  of 119 

Maguire  &  O'Heron  quarry,  description  of.  119-120 

granite  of 1 19-120 

Maguire  quarry,  description  of 86 

granite  of 86 

Maine  and  New  Hampshire  Granite  Co. .  quar- 
ries of 179, 182 

Mannex,  T.  F.,  quarry  of 107 

Maps  of  Conway,  N.   H.,  showing  quarry 

locations 177 

of  Milford,  Mass.,  showing  quarry  loca- 
tions          74 

of  Milford,  N.  H.,  showing  quarry  loca- 
tions       157 

of  New  England,  showing  granite  cj^nt^'rs.        74 

of  Quincy,  showing  quarry  locations 90 

of  Rockport,  showing  quarry  locations. ..      122 
of  Westerly  and  Niantic,  showing  quarry 

locations 189 

Marr  &  Gordon  quarry,  inclusions  at 46 

Massachusetts     granites    and    quarries    in, 

descriptions  of 73-144 

granites  and   quarries    in.  production 

from 214 

Massachusetts  Pink  quarry,  description  of. . .        85 

dikes  at 59,85 

granite  at 85 

Massachusetts  Pink  Granite  Co..  quarries  of.  8.5,86 

Matrix,  definition  of 218 

Medium  grained,  definition  of 14 

Merrill,  G.  P..  on  cutting  of  jiranite 40-41.. V. 

on  porosity 17 

on  shtH'ts 2,'i-24 

on  weatlierinc .'iS 

Merry  Mount  Granite  Co..  (piarry  of i*".* 

Merry  Mount  Quarry.  d«'srrij)lion  of l»9-10o 
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granite  of f^-li«o 

Mica.  oceurrenc<^  and  character  of 11 

Milford,  Mass..  l>Iasting  at 71 

fiow  structure  at 1<» 

geology  at 7;i-7.'. 

granite  at.  analyses  of 7r»-77,79.Rl.K4.  v< 
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Milford,  Mass.,  granite  at,  classification  of. . .     211 

granite  at,  color  of 52,55,75,76,211 

cut  surfaces  of 56 

description  of 7^-90 

lime  carbonate  in 77,79,89 

minerals  in 75-76,78,81,89 

joint  fiaces  at 61 

quarries  at 73, 78-90 

geology  of 77-78 

location  of,  map  showing 74 

rift  and  grain  at 47 

schistose  dikes  at 59 

storage  jrard  at 178 

topography  at 73 

Milford,  N.  II..  blasting  at 71  ' 

contact  at (>2-4i3 

figure  showing 63 

view  of 158  I 

dil^gs  at,  view  of 158 

discoloration  at 58 

flow  at 19, 47, 64 

granite  at 44.46 

classification  of 211,212 

color  of 159, 211, 212 

description  of 159-  K'O 

lime  carbonate  in loaiOl,  168-169. 171 

minerals  in 159, 164, 171, 174 

map  of,  showing  quarries 157 

quarries  of,  descriptions  of I(i0-176 

geology  of 158-159 

topography  near 15(>-157 

Milford  granite,  description  of 73-77 

Biilford  Granite  Co.'s  quarries,  contact  in 62-63 

description  of. 173 

dikes  and  capping  in 158. 173 

granite  of. 173 

inclusions  at 44 

seams  at 51 ,  173 

Milford   Nashua  Lake  Street   Granite  Co., 

quarry  of 168 

Milford  Quarry  and  Construction  Co.,  quarrj' 

of 163 

Milford  Stone  Co.,  history  of 78 

quarries  of 78, 80, 8.3 

Millimeter,  definition  of 219 

Milton,  quarries  in,  descriptions  of 118-120 

Minerals,  arrangement  of 15 

character  of. 11-12 

forms  of 14  [ 

paragenesis  of 15 

particles  of,  size  of 10-11 

percentage  of 12 

estimation  of 8.  (>6 

See  also  particular  localitUH. 

Monolith,  definition  of •. 219 

Morrison  quarrj-,  inclusions  at 46  j 

Motion,  definition  of. 219 

Mount  Pleasant  quarry,  descTiption  of. 118-119 

granite  in 1 18-1 19 

inclusions  at 44 

nlinerals  in W,  118 

Mount  Pleasant  Quarry  Co.,  quarry  of 118 

Muscovite  veins,  occurrence  and  character  of.       51 


N. 


Naumann,  C.  F.,  on  rift 

Newall,  Joseph.  &  Co..  quarry  of.. 

50193— Bull.  354-08- 
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Newall  quarry,  de^scription  of 207-209 

granite  of 207-209 

New  East  quarry,  granite  of 197 

New    Engljtod,    map    of,    showing   granite 

centers 74 

New    England    Granite    Works,     quarries 

of 147, 194. 200 

New  England   Granite   Works   quarry,   de- 
scription of 147-149 

granit«  of 147-149 

strain  at 28, 148 

Now  England  quarr\',  description  of 194-197 

granite  of 194-197 

New  Hampshire,  geology  of 144-145 

granite^j  and  quarries  in.  descriptions  of .  144-188 
production  from 214 

New  Westerly  G ranlu*  Co.,  quarry  of 173 

New  West<^rly  quarry,  description  of 173-174 

granite  of 173-175 

Niantic,  R.  I .,  contact  at 63 

contact  at.  view  of 20(> 

flow  at 47 

geology  at 188-190 

granite  at.  analys<»s  of 193 

description  of 191-194 

lime  carbonate  in 193,205-206,208 

minerals  in 192,207-208 

map  of,  showing  quarries 189 

quarries  of,  de.scrlption  of 205-210 

geology  of 190-191 

topography  near 188 

Nickerson,  W.  E.,  quarries  of 133 

Nickerson  quarries,  description  of 133 

granite  of 133 

Norcross  quarry,  description  of 83 

granite  of . . .  83 

Norcross  Milford  Pink  Granite  Co.,  quarry  of.        86 

North  Conway,  granite  at 184 

granite  at,  classification  of 211 

color  of 211, 184 

North  Milford  (Jranito  Co..  quarry  Of 87 

North  Milford  quarry,  description  of 87 

granite  of 87 

O. 

Ophitic,  definition  of 219 

Orc'li,  d<;finition  of 219 

occurrence  and  character  of 55 

Ovoidal  weathering,  occurrence  and  character 

of 58-59 

Palacho,  Charles,  on  Ballon  dike 49 

Palmer  quarry,  decomposition  at 37 

Paradls  quarry,  description  of 168 

granite  of 168 

Paragen'^sis,  character  of 15 

Paving  blocks,  production  of,  relation  of  fls- 

sillty  to 70 

Pease  quarry,  contact  at 62-(i3 

contact  at,  figum  showing 03 

description  of 163-164 

granite  In I(i3-164 

Pegmatite,  definition  of 219 

dikes  of 48-49 

view  of 158 

occurrence  and  character  of 33, 48-49 
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Perry,  J.  H.,  and  Emerson,  B.  K.,  on  Mil- 
ford  granite 59,60,73-75 

Perry,  W.  H.,  &  Co.,  quarries  of .155,187,188 

Perry  quarry,  description  of 155-156 

granite  of 155-156 

Pigeon  Cove  prospeirt,  porphyry  of 139-140 

porphyry  of,  figiuro  showing 140 

Pigeon  IliU  Granite  Co.,  quarries  of 128, 131 

Pigeyn  Hill  quarries,  description  of 128-131 

granite  of 128-131 

strength  of 129 

stnicture  in,  figure  sho\%ing 130 

view  of. 126 

Plagioclase,  definition  of 219 

Pleasant  Beach,  Me. ,  granite  from 42 

Polarized  light,  definition  of 219 

Polish,  test  of 66 

Porosity,  data  on 16-17 

Porphyritic.  definition  of 219 

Potsch. ,  on  rift 19 

Pressure,  necessity  for.  in  formation  of  gran- 
ite     9-10 

Production,  data  on 214 

Pseudomorph,  definition  of 219 

P>Tite,  discoloration  from 12, 36 

Q. 

Quarries,  description  of 73-210 

description  of,  method  of 72 

location  of,  maps  sho\%ing 74, 

90,  122,157.177.189 

Quarrying,  factors  in ri9-72 

Quarry  terms,  meaning  of 217 

Quartz,  occurence  and  character  of 11 

(Quartz,  granitic,  character  of 56 

Quartz  monzonitc,  definition  of 219 

Quincy,  Mass.,  blasting  at 71 

(likes  at 95 

geology  near 90-91 ,  y.>-97 

granite  of.  analysis  of 93 

ball  of,  view  of IWi 

classification  of 211 

color  of 53-.'>o,  21 1 

description  of 91-94 

discoloration  of .'>7, 58 

lime  carbonate  at 93-94 

99,  UK).  110, 118 

minerals  in 60, 

92-93,106,108,110.115,119 

jomts  HI 97 

(luarries  of 9S-120 

geology  of 9.')-97 

lo<'ation  of.  map  showing W 

rid  at '....        9«l 

scKrogationb  at '.>."> 

sheet  structure  at 'M>-\^7 

topoiirapli y  near ".»o 

(^umcv  Quarries  Co..  (luarries  of !'>^,  11.').  l!t» 

K. 

IvaiKloiu  stone,  delinilion  of Jl'.i 

Kath.  a.  von.  on  rift I'.^-'-H) 

Ke<l<tone  (juarrios.  N.  11.,  blasting  at 71 

contaet  at > 

'Inscription  of 17«J-iSi 
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Redstone  quarries,  N.  H.,  granite  of 179-184 

granite,  analyses  of 180, 183 

classification  of 211 

color  of 56, 179, 180, 182, 211 

joint  faces  at 62, 181 

rift  and  grain  at 42,44,47,181,183 

figures  showing 43 

section  of,  figure  showing 53 

view  of \ 178 

Redstone  quarry,  R.  I.,  description  of 200-202 

granite  at 200-202 

color  of 52,200 

Reyer,  Ed.,  on  rift 20 

Rhode  Island,  granites  and  quarries  of 188-210 

granites  and  quarries  of,  production  from.      214 

Riebeckite,  occurrence  and  character  of 60-60 

Reinhalter  quarry,  description  of 107-108 

granite  of 107-108 

rift  in 96,108 

sheets  in 96-97, 107-108 

structure  of,  figure  showing 108 

Rift,  definition  of 219 

Rift  and  grain,  discussion  of 19-22 

relation  of,  to  fluidal  cavities 42-47 

relation  of,  to  strength 22 

Riiber,  C.  C,  on  rift 20 

Rockport,  Mass.,  blasting  at 71 

geology  near 121 

granite  at,  analysis  of 123 

"^ classification  of 211 

color  of 52,211 

discoloration  of 57,69 

description  of .- 121 

lime  carbonate  in 126, 129 

minerals  in 122-124, 127, 129, 136, 137 

location  of,  map  showing 122 

porphyry  at 139-140 

quarries  of,  description  of 12&-139 

dikes  in 125 

geology  of 125-126 

topography  at 121 

Rocki)ort  Granite  Co.,  quarries  of 50, 

126,127,132,135,137,139 

Rockport  Granite  Co.'s  quarry,  dike  in 50->51 

dike  in,  section  of,  figure  showing 50 

Rogers  quarry,  description  of 116-1 17 

granite  of 1 16-117 

minerals  in 60, 116-117 

structure  in,  figure  showing 117 

Rosenbusch,  II.,  on  fluidal  cavities 44,45 

RosiwiU  method,  use  of 8,66 

Run,  definition  of 219 


."^ahlstcn  quarry,  (lcbcrii)tion  of 102 

granite  of 102 

Sail  horso.  dclinition  of 219 

Sand  seams,  definition  of 219 

See  (liso  Muscovite  veins. 

.San<i  streaks,  definition  of 219 

Saj),  definition  of 219 

discoloration  from 31, 3r>-.3i», 56-68 

Scotclu granites,  gas  in 14 

.Sartori  (.  Angelo)  »^;  Bros.,  quarry  of 120 
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Sartori  quarry,  description  of 120 

granite  of. 120 

color  of 64,120 

Savo  Granite  Ck>.  quarry  of 114 

Savo  quarry,  description  of 114-115 

granite  of. 114-115 

colorof 64,114 

Schist,  deanltion  of 219 

dike-like  masses  of 59-00 

Schistosity,  nature  of. , 10,219 

Scientifle  terras,  deflnitions  of 217-220 

Seam,  deflnition  of 219 

Secondary  minerals,  character  of. 12, 219 

Sedgwick,  Adam,  onrift 19 

Sedimentary,  definition  of 219 

Segregations,  deflnition  of 219 

occurrence  and  character  of 34, 04 

Sericite.  deflnition  of 219 

Shakes,  deflnition  of 220 

ocriirrenCe  and  character  of 31 

Shaler  U.  S.,  on  sheets » 23 

on  weathering 58 

Sheet  quarry,  deflnition  of 220 

Sheet  structure,  artiflcial  production  of. . .  25-26, 72 

discussion  of 22-26 

origin  of 26-29 

relations  of,  to  contact 62-64 

water  In 29 

Sllckensldes,  deflnition  of 220 

Smith,  J.  P. ,  on  California  arkoso 01 

Smith.  \V.  B.,  on  quarry  methods 70 

Smith  Granite  Co. ,  quarries  of 197, 202 

Smith  North  quarry,  description  of 202-203 

granite  of 202-203 

Smith  quarry,  description  of 197-199 

granite  of 197-199 

structure  in,  flgure  showing 198 

Solar  heat,  sheets  due  to 27,28-29 

Souhegan  quarrj',  description  of 108-109 

granite  of 168-160 

Speclflc  gravity,  data  on. 68 

deflnition  of 220 

Stone  Mountain,  Ga.,  sheets  at 24.29 

Strain-sheet .  deflnition  of. 220 

Stratlfled,  deflnition  of 220 

Strength,  data  on 22, 67 

Strike,  definition  of 220 

Stripping,  definition  of 220 

Structure,  nature  of 18-32 

Subjolnts,  nature  of 32, 220 

origin  of 4S 

Sef  also  Joints. 
Sunapee,  X.  U.,  geology  at 187 

granite  at 188-Ih9 

classification  of 211,212 

color  of 188, 211 ,  212 

Swedish  granites,  analyses  of 13 

Sweeney  Granite  Works,  quarry  of 204 

Swenson,  John,  quarries  of 149, 151 

Swingle  quarry,  description  of 108-109 

granite  of 108-109 

rift  in %,  109 

stnicture  in,  figures  showing 109 

Syucllne,  definition  of 220 
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Tarr,  R.  S.,  on  rift 20 

Temperature,  relation  of,  to  blasting 71 

Tests,  scope  of 65-68 

Texture,  character  of 10-11, 14-16, 40 

Till,  deflnltionof 220 

Toeing-in,  deflnition  of 220 

Toe  nails,  deflnition  of 220 

occurrence  and  character  of 30 

I  Tonella  &  Sons,  quarries  of 164, 165 

Tonella  quarries,  description  of 164-167 

I  dikes  and  capping  in 158, 165, 166 

granitcin 164-167 

I  inclusions  In 158, 165 

Turner.  X.  W.,  on  sheets 24 

Twin  crystals,  deflnition  of 220 

i  r. 

Upi)er  Pigeon  1 1  111  quarry,  description  of.. . .  131 

granite  of 131 

strahiln 126 

structure  In,  figures  showing 131 

Upper  Swenson  quarrj'.     See  Granite  Rail- 
way quarry  of  Concord. 

V. 

Value,  data  on 213-214 

.  Van  Hise,  C.  K.,  on  fluidal  cavities 45 

Veins,  occurrence  of 33 

straining  of,  effects  of 48 

Vltreousness,  data  on 17 

Vogt,  J.ir.  L.,onsheets '23 

W. 

Warth,n.,  on  sheets 25-26 

Washington,  H.  S.,  on  granite 43 

Water,  discoloration  due  to 35-36 

Weathering,  deflnition  of 220 

.'ffectsof 37-38 

sheets  due  to 27-28 

Weathering,  spheroidal,  nature  of 58 

view  of 200 

Webb  quarrj-,  description  of 8^90 

granite  of 89-90 

Webb  Pink  Granite  Co. ,  quarries  of 87, 89, 90 

Weight,  data  on 15,40,68 

West  Dummerston,  Vt.,  compressive  strain 

at 25,28 

compressive  strain  at,  view  showing. . . .      200 

Westeriy,  R.  I.,  blasting  at 71 

geology  at 188-190 

granite  of,  analyses  of 193 

cars'ing  from,  view  of 206 

classiflcatlon  of 211, 212 

colorof 62,211^212 

cut  surfaces  of 66 

description  of 191-194 

llm«'  carbonate  In.  193,194,196-196.200-201 

minerals  In 192,195,200 

map  of.  showing  quarries 189 

quarries  of,  description  of 194-205 

geology  of 190-191 

rift  and  grain  at 43-44 

topography  of 188 
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Westerly,  R.  I.,  weathering  at. . , 5*-59 

plate  showing 200 

West  quarry,  description  of 8i-8S 

dikes  at 59,84 

granite  of 83-«5 

analysis  of 84 

West  Quincy,  granite  at,  color  of 53-54 

Whitehorse,  deflnitlonof 220 

White  Mountain  quarry,  description  of 184 

granite  of 184 

Inclusions  at 44 

Whitney,  J.  D.,  on  sheets 22 

Whittle,  C.  L.,  on  rift 2l>-21, 42 

Wigwam  quarry,  description  of 105-106 


Page. 

Wigwam  quarry,  discoloration  at 57, 106 

granite  of 105-107 

Williams,  J.  F.,  on  hardness 67 

Woodworth,  J.  B.,  on  subjoints 32 

Y. 

Young  quarry,  description  of 170-172 

dikes  in 48,172 

view  of 158 

granite  of 170-172 

structure  in,  figure  showing 172 

Young's  Sons  &  Co.,  quarry  of 170 

Z. 
Zirkel,  F.,  on  rift 20 
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